Introduction to the Hazard Analysis

This hazard analysis section has been completelgtad from the previous 2011 edition of the Michid#azard
Mitigation Plan. The advancements made in the 2@ithigan Hazard Analysis have been incorporatethis
updated 2014 document and supplemented with addititew material. This section provides a compnsive
update of all the material that had previously a@pee in the Michigan Hazard Analysis, but it alscludes
additional detail about —one on Catastrophic Incid¢National Emergencies) and another on Celdstiphcts.
The Catastrophic Incidents section has been adidgurt, to better tie in with similar conceptsrzpiaddressed

in the Michigan Emergency Management Plan, andratbeuments and recommendations at the federal. leve
These changes make the plan not only compliantFEMA planning standards, but with larger EMAP skamls

as well, with a full consideration of natural haisgrtechnological hazards, human-related hazasdsyed as
greater linkages between hazard mitigation andadther phases of emergency management—preparedness,
response, and recovery.

In order to make such a large array of hazards monmgprehensible, they have now been reorganizedasahe
most closely-related hazards are located near e#odr in the same section of this plan (insteadthef
alphabetical arrangement that had been used psdy)ouThere is extensive overlap between natusziatds.
Similarly, technological hazards and human-relditgzards tend to share a great deal in common aith ether.
Therefore, the hazard analysis component of tlais pbw includes three major divisions that corresipo these
three major hazard classifications. Each of tliesme major sections has been further organizatiadaeaders
and responders can more easily find informatioruahazards that are closely related to each otRersons who
need information about weather hazards, for exangenot need to switch between sections sepatated
hundreds of pages, but instead can refer spedyfimah single section of this plan.

This reorganized hazard analysis begins with @@ech natural hazards. It makes sense to list these hazards
first, because they so commonly affect MichigarhefE is not a single part of Michigan that isn’sseptible to
severe weather, for example. Within the naturabhds section, weather hazards have been listd filost of
the weather hazards subsection deals with viole@ther events such as thunderstorms and tornaulatethere

is also an entire component that addresses hazavdoter weather. One of the weather-related hiszaxtreme
temperatures, addresses both summer and wintehevdssues in one section.

Many weather hazards affect the hydrological camattin Michigan and its local communities, andrdffiere the

weather hazards section is immediately followedabsection dealing with_hydrological hazards—flogdand

drought. The flood hazard section includes thregomcomponents—inland (riverine) flooding, Greatkks

shoreline hazards, and dam failures. The shordlamards component not only includes informationuab
flooding, but other topics relevant to coastlineaar along the Great Lakes—storm surges (seichgsunrents,

Great Lakes water recession, and shoreline erosion.

The first two natural hazard subsections flow wetb a consideration of Michigan’'s two main ecolzaji
hazards—uwildfires and invasive species. Both weradimd hydrological conditions affect Michigan'okgical
conditions, and its vulnerability to wildfires anuvasive species. The natural hazards sectionsmgpwith a
subsection on Michigan’s geological hazards. Algiothese are not insignificant, they tend notdsepas much
direct risk to Michigan as the other types of nakurazards. This plan now includes a sectiondtiti@elestial
Impact,” which considers such issues as solar stahat have the potential to disrupt importantasfructure,
and the impact or threatened impact of physicaidsodpon the Earth’'s land, sea, or atmospherelatter of
which is rare as a hazard but has the potentiaifpacts that are truly catastrophic. These isavesere treated
for the first time in State-level planning, and a@jigen a realistic assessment (which can offsetesomthe
alarmist media presentations that have appeanextémt years).
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Thetechnological hazardssection includes two major subsections—one dealiitigg industrial hazards and the
other with infrastructure problems. Within the uisttial hazards subsection are components dealitigfines,
hazardous materials incidents of various kindsleasgower plant issues, and accidents involvinghigian’s oil
and gas pipelines and wells. Within the subsectioninfrastructure problems are components deahith
various forms of infrastructure failure, energy egemcies, and major transportation accidents.

The final major section of the hazard analybigman-related hazards contains five components, including a
new consideration of the general topic of catastiomcidents (national emergencies). In the pastde, major
national incidents involving terrorism and hurriearhave made it clearer than ever how intercondegteall
must be. We as a state experience both directraiect effects from events that take place elsaethn the
nation and the world. This new component of theahé analysis provides an overview of events, sich/11
and Hurricanes Katrina and Rita, whose scale magssitate extensive activities within Michigan eweough
the direct impacts of the event primarily occurcedside of our state. The section_on civil disturtes has been
extensively rewritten, to add additional informatirom social science research. Similarly, thetisecon
nuclear attack has also been rewritten, to begtieat the new post-Cold War era in which the rail@errorist
nuclear threats is of even greater concern. Bhisliowed by an updated section on public heattiergencies,
which includes new information about the threapahdemics, and the final section on terrorism hks,the
nuclear attack section, been almost entirely réswrjtto better reflect the current geopoliticaliaiion, as well as
advances in our understanding of the threat, asrréd by recent events and new research in homskndity
studies.

The result of these changes is meant to be a doduimat is much more comprehensive, up-to-date,vatid
than has appeared in any previous state planse atib being easier to use. It is worth noting thany of the
sources used in previous documents that providemhfarmational background for this plan were novays
cited in a manner that allowed them to remain tfeaonnected with the material in this updated pdanthat
material was adapted for use here. Although thisrination was all reviewed and, in many casesbbnu
checked, the sources cited in this plan tend tg balones used for the new material that was atid#ds plan.
Citations for text adapted from earlier documemtg.(the 2006 edition of the Michigan Hazard Anialysight

be tracked down through those earlier documentsmiamy government documents have differed oveyéags
from academic documents, in the precision and stergty of citation use. Due to the large numbeewants
described in lists throughout this document, theisien was made not to provide citations for evieggn. Some

of the sources used are not ones that allow vatific by most readers (such as LEIN messages, Rapbrts,
local hazard mitigation plans, internal MSP docutagon from disasters, and emergency management
correspondence). If there is a question aboutétiye information in this document, inquiries dandirected to
Mike Sobocinski at (517) 336-2053 (spobocinskim@michigan.gpwand the information can then be double-
checked or its basis explained. Amidst some imtlediscussion, there have been some referenceketo t
Wikipedia online encyclopedia included—not as alfimformation source, but to give it credit as\pding a
handy gateway to identifying numerous articles amdrnet sources whose validity was then judged thed
considered for use as an authoritative source.ekample, many of the Wikipedia entries led tocet that had
originally appeared in peer-reviewed scientificrjwals.

One final note may also be helpful regarding thmetimes lengthy lists of historical incidents iradal in this
plan. Some of the rarer types of incidents mayaxsamples from outside of Michigan, when it was fieat an
insufficient number or variety of Michigan examplas available, or because they involved scendhiatsin
some manner were deemed to be noteworthy for dysemaf that hazard. On the other hand, lengibtg lof
Michigan examples have been provided for other fiszaoften with a reduced font size. These listeetimes
contain specific local information, and are inteshdie help provide links between this state levahphnd plans at
the local level. The inclusion of some specificdbinformation can be helpful in the developmeamd apdate of
local hazard mitigation plans, just as the review aonsideration of local plans has been helpfuthits update
of the latest State plan. Readers may scrutinizekion over those sections as they like, but tiés fhas been
revised from the perspective that the best meaasalf/zing hazards is to maintain a solid histdgraunding.
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With an introductory overview now provided to reegjean outline of the full hazard analysis seci®hereby
presented, as a quick guide to the hundreds ofspthagé follow:

I. Natural Hazards
A. Weather Hazards
1. Storms
a. Thunderstorms, including hail and lightning
b. Winter storms, including ice, sleet, and snow
2. Severe winds
3. Tornadoes
4. Extreme temperatures
5. Fog
B. Hydrological Hazards
1. Flooding
a. Riverine flooding
b. Great Lakes shoreline hazards
c. Dam failures
2. Drought
C. Ecological Hazards
1. Wildfires
2. Invasive species
D. Geological Hazards
1. Ground Movement
a. Earthquakes
b. Subsidence
2. Celestial Impacts
Il. Technological Hazards
A. Industrial Hazards
1. Fires
a. Structural fires
b. Scrap tire fires
2. Hazardous Materials Incidents
a. Hazardous materials incidents — fixed sitel@ing industrial accidents)
b. Nuclear power plant emergencies
c. Hazardous materials incidents — transportation
d. Petroleum and natural gas pipeline accidents
c. Oil and natural gas well accidents
B. Infrastructure Problems
1. Infrastructure failures
2. Energy emergencies
3. Transportation accidents (air, rail, highwawrime)
lll. Human-Related Hazards
A. Catastrophic incidents (national emergencies)
B. Civil disturbances
C. Nuclear attack
D. Public health emergencies
E. Terrorism and similar criminal activities (inding cyber-attacks)

Information about these hazards is summarized enfaHowing table. Note that some entries in this
table are based upon a limited analysis and therefwould be treated merely as rough estimates.
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Hazard Analysis Summary Table
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Hail ~25 |0.0 |0.0 [$15 million + 0 2 2 1 1 Some
Lightning ~12 1.5 |10.7 |$1.4 million = 1 1 2 2 12 Some
Ice and sleet storms 2.2 >1 >1 ~$12 million i 1 2 3 3 1 Some
(damage estimate includes snowsto
Snowstorm >1 >1 [>1  |[(included above) |+ 1 1 |2 2 |1 |Many
Severe wind ~8 2 20 ~$25 million + 1 2 3 3 1 Many
[Tornadoe ~16 |4 60  |$17.8 million + 2 2 3 3 |2 Many
Extremeheat = 2?2 |2 ? = 2 0 2 2 |0 Some
Extreme coli ~30 5?2 |? $millions = 2 2 3 3 1 Some
Foc 0.5 ? ? ? + 1 0 1 1 |0 None
Flooding >1 0.4 |0.5 |~$80 million M 1 2 3 3 |2 Some
Shoreline hazar >1 ~2 |~4 >$10 million + 1 2 3 2 1 Some
Dam failure ~2? 0? [0? $thousands i 2 2 3 2 |2 Some
Drough 0.5 0 0 $millions ? 0 0 3 1 |2 Few
Wildfires >550 3.7 |? ~$1 million + + 2 2 3 2 |3 Some
Invasive specie ? ? >1 $millions ? 1 2 3 1 |3 None
Earthquake 0.3 0 0 $165,000 + 1 1 2 2 |2 Few
Subsidenc 0.4 0 0 mere thousands?|+ 1 1 1 1 1 Few
Celestial impac (impacting object) <1 0 0 <$1,000 i 0 1 1 1 1 None
Celestial impacts pace weather) ~0.3 |0 0 $millions? M 0 1 2 2 |0 None
Structural fires (majo >1 >5 |>10 [>$many millions |- 2 2 2 1 |2 Few
Scrap tire fire 0.5 0 0 $thousands = 0 1 2 1 |2 Few
Hazardous materiaincident (fixed site) |~7 >1 >l $millions i 2 2 2 2 |2 Some
Nuclearpower plant 0.02 |0 0 0 i 0 1 2 2 |2 Few
Hazardous materials (transportati ~13 >1 >1 $many thousand |+ 2 2 2 2 |2 Some
Oil & gas pipeline >1 ~0.7 |~1.4 [$millions M 1 2 2 2 |2 Few
Oil & gaswells 0.2 <1 |1 ? + 1 1 1 1 1 Few
Infrastructure failure >1 <1 <1 |$many millions |+ 1 1 3 3 |2 Some
Energy emergenci ~1 0 0 ? i 0 0 2 2 1 None
[Transportation accidents (maj >1 >1 >1 $many thousands+ 2 1 2 1 1 Few
Catastrophic incider <1 >1 >1 ? = 1 0 2 2 12 None
Civil disturbances <1 >1 >l $thousands = 2 2 2 1 1 Few
Nuclearattack 0 0 0 ? - 2 2 2 2 |2 Many
Publichealth emergencies ? >1 >l ? - 2 0 2 2 1 Few
[Terrorism ancsimilar activities <1 >1 >l ? = 2 2 2 2 |2 Some

“Average annual numbers are medium-term _estimates only. Mediarmt means that most estimates were based upon
decades’ worth of data, to predict future decadsek. Numbers that could not be validly determiaed marked “?”
Development trend effectsuse the following symbols to estimate the efféaism Michigan’s recent land use trends (which
still mainly involve the construction of suburbaxurban, and rural detached homes for persons maihof denser areas).
“+” means increasing risks, “=" means few net effe¢-” means decreasing risks, “?"means trendsiackear

Risk Ratingsare based upon the estimated severity of averagehimpacts (medium-term), as follows:

“0” means negligible: The risks as currently knoave not likely to cause any emergency-level event.

“1” means minor: There is a known although infregughance for impacts of moderate or purely loeaksity.

“2” means significant: A regular pattern of moderatffects, or an infrequent chance of severe ingpact

“3” means major: A regular pattern or high risknadjor impacts, of statewide significance.

“Frequency as a top local hazartrefers to the number of local plans listing this one of their top hazards. Categories
include “Many,” “Some,” “Few,” and “None.” Note #it because FEMA requires the analysis of naturaarus, but not
technological and human-related hazards, localspdae inclined to favor the listing of natural haza
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|. Natural Hazards
A. Weather Hazards

The following outline summarizes the significantatieer hazards covered in this section:

1. Storms
a. Thunderstorms, including hail and lightning
b. Winter storms, including ice, sleet, snow

2. Severe Winds

3. Tornadoes

4. Extreme Temperatures

5. Fog

These weather hazards can be thought of in geterabk, according to whether they involve winter thea
conditions or not. The winter storms section, hatl of the extreme temperatures section, shoulcefred to
for a good overview of Michigan’s winter weatherzaeds. The other sections focus upon weather tonsli
that predominate in the non-winter months. Howgitemust be admitted that fog and strong winds rbay
present during the winter season as well, (althotigh strongest winds in Michigan usually occur dgri
transition periods between warm and cool weathet,ia association with severe thunderstorms). rfgtrinter
winds may occur in conjunction with sleet and i@ed are a specific part of blizzard events, alcdbsd in the
winter weather section. When ice and sleet haveady weakened an area’s tree limbs, power lined, a
infrastructure, winter winds are often the finabhst that causes tree limbs (or entire trees) tpléeopcross roads
or utility lines, causing life-threatening infrastture breakdowns during periods of extreme cddbig part of
why this updated analysis now addresses all wedtheards within a single section is because thexrg mot
always be neat and precise distinctions betweediffexrent events. It makes sense to study thels¢ed topics
together and then consider areas of overlap antdasityn But the most essential aspects of Michigawinter
weather hazards are described in the two sectianger storms and extreme temperatures.

The non-winter months usually see the other tygesewere weather hazards—thunderstorms and torsadoe
lightning and hail, and extreme heat. Thus, mdghis section of the hazard analysis describesuzzthat
regularly occur during the non-winter months. HBeasons in Michigan do not completely match thess ®n
the standard calendar, and they vary a little &gethding upon the area of the State being consideke will be
described further in the material on each hazaidhigan’s weather is affected by its location ie tiniddle of
the Great Lakes. Locations next to, or distaninfra Great Lakes shoreline, will often have differeveather
patterns and hazard risks. There is also a gememadl relating to how far to the north the arealam
consideration is located. Michigan may be thougfhin terms of three broad geographic divisiong Upper
Peninsula, the Northern Lower Peninsula, and theéHgon Lower Peninsula. The Upper Peninsula, ditad to
containing the northernmost locations and the aogdsghest elevation (e.g Mount Arvon in Baragau€ly, at
603m), also has areas that are more exposed thevgadtterns blowing in from the west, without theéent of
moderating Lake Michigan influence enjoyed by thewver Peninsula. This exposes the Upper Peninsula t
colder average temperatures and longer wintere LTwer Peninsula contains a northern region tbatains
large areas of woodland, as well as areas of lallglscape and higher elevation (e.g. Grove Hillnanthern
Osceola County, at 522m) than its southern regiowhich agricultural and urban land uses are pmédant.

Although three general Michigan regions each hafferdnt degrees of risk and vulnerability from vileer

hazards, it is important to note that all of thera at-risk from each of the hazards in this sectidine risks
merely vary by the probability of the worst impaasd the degree and severity of the “typical” ictpaEvery
one of Michigan’s 83 counties has experienced setleinderstorms and at least one confirmed torn&ilery

county is also susceptible to strong winds, extreangperatures, and severe winter weather. Thati@riacross
Michigan is primarily one of likelihood and the ganof intensity.
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Therefore, for the weather hazards, it may maksesém think in terms of two parts of the year: wimand non-
winter. Although mild snowfall and cold temperatsiimay occur a little bit outside of the main perd wintry

weather, such events tend not to be serious ondstharefore a general distinction can be made deivihe
“winter weather risk season” and the “non-winteatter risk season.” The winter weather risk seasdefined
in terms of historically documented events involyagxtreme cold and significant snowstorms. Seasbngnter

weather risk include months during which record tlemwperatures are near enough to zero to makeely lthat

wind chill advisories would be issued, and wherordsnowfall levels have amounted to several incliegen if

these events are less likely on the “edges” ofstmson, since they have occurred, it made serdefitee risk
periods in terms of these possibilities. On the $lide, all the other months are susceptible toeee heat
(months in which record high temperatures go alfif¥elegrees Fahrenheit and thus make it likely @ahaeat
advisory might need to be issued.

On the basis of this historical analysis, it wasedwined that the risk periods for extreme tempeeatand
snowfall events can be assigned to the followingnttm®, for Michigan'’s three general regions. (NOTI©: not
use these seasons to define severe wind risks.eXaonple, strong tornadoes have occurred in mabk as
October and April.)

1. Southern Lower Peninsula: Winter risk sedsmm late November to early April
Non-winter risk season from early May to |8&ptember
(extend that last risk season to early Octobettfersouthernmost tiers of counties, such as BeamehWayne)

2. Northern Lower Peninsula: Winter risk seagomfearly November to April
Non-winter risk season from late May to ISeptember

3. Upper Peninsula Winter risk season from [Sgptember to May
Non-winter risk season from late May to e&@bgptember

Some variation may be expected between countipscisly shoreline counties that observe the teingesffect

of the Great Lakes, but these may be good “rulethab” for the times of the year when differenpeg of
weather risks will occur in different parts of Mighn. The extreme heat hazard, for example, \fféca the
Upper Peninsula for a somewhat shorter time peeiach year than it does the Southern Lower Peninsula
However, this difference does not change the faatt dnce the risk season has arrived, both areaat aisk. In
July, for example the City of Ironwood has recordececord high temperature of 103 degrees, andugththe
record high temperatures in the Southern Lower rideha have reached 108 degrees, the all-time fighes
recorded temperature in Michigan actually came fthe Northern Lower Peninsula, when Oscoda Couitty h
112 degrees (although the major weather stationsther locations across the region report recofd$06
degrees). Thus, although there are differencedrands between regions and within them, the feat all have
experienced extreme heat waves must be recogniltedther words, the commonalities shared by Miahig
regions are more important than the differencegnnhcomes to weather-hazard preparedness arghiioti.
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Historic Precipitation and Snowfall Records at Varbus Michigan Locations

Southern Lower Peninsula

Record Precipitation

Recat Snowfall

Adrian (Lenawee County) 4.74” (Sept. 3) 15.0” (J26)
Benton Harbor (Berrien County)  6.60” (May 30) 25(0kc. 6)
Coldwater (Branch County) 5.37” (June 26) 17.0’'h(J126)
Ann Arbor (Washtenaw County) 4.54” (Aug. 6) 15.8¢ec.1)
Bloomingdale (Van Buren Co.) 9.78" (Sept. 1) 2Q(Dé&c. 10)
Detroit (Wayne County) 4.74” (July 31) 24.5” (Ap6)
Jackson (Jackson County) 5.31" (June 21) 16.0” @gMar7)
Pontiac (Oakland County) 4.75”" (Oct. 1) 18.0" (D2y.
Flint (Genesee County) 6.04" (Sept. 10) 14.5” (24).

Grand Rapids (Kent County)

4.22" (June 5 & Aug. 19)

16.1” (Jan. 26)

Port Huron (St. Clair County)

3.97" (Sept. 7)

14(Brarch 27)

Harbor Beach (Huron County)

6.04" (Sept. 10)

1gfsh. 21)

Big Rapids (Mecosta County)

7.64" (Sept. 11)

12N, 30)

The counties listed above start with the southestrtier in Michigan, and proceed generally norttdyaier by tier.

Northern Lower Peninsula

Record Precipitation

Recod Snowfall

Alpena (Alpena County) 5.14" (Sept. 3) 18.2" (F2B)
East Tawas (losco County) 3.72" (Aug. 16) 20.0"0(F&4)
Gaylord (Otsego County) 5.00” (Aug. 17) 20.0" (N@B)
Gladwin (Gladwin County) 5.00” (May 20) 15.0” (Dekl)

Traverse City

4.30" (Aug. 23)

16.0” (Jan. 25 & N@@)

Upper Peninsula

Record Precipitation

Record Snowfél

Hancock (Houghton County)

3.58" (May 17 & Sept. 4)

26.5" (Jan. 18)

Ironwood (Gogebic County) 6.72" (July 21) 24.0" (O46)
Munising (Alger County) 3.51" (May 31) 20.0" (Mardb)
Sault Ste. Marie (Chippewa Co{) 5.92” (Aug. 3) 2@®ec. 10)

Source: Extreme Michigan Weather, by Paul Gros&@20University of Michigan Press, Ann Arbor)

For more information about the assessment of rainfaevents (which can cause flash flooding), pleasefer
to the precipitation-related information contained at the end of Attachment A, starting on page 705.

NOTE: In addition to_ numerous sources already egfeed* in previous editions of this plan, the updand
newly added text for this 2014 Michigan Hazard Whtion Plan has benefited greatly from the follayvin
printed books:

Michigan Geography and Geology, edited by Randela®tzl, Joe Darden, and Danita Brandt.
Custom Publishing, New York, et al., 2009.

Natural Disasters and How We Cope, chief consulanitert Coenraads. Millenium House, Elanora Hsignt
Australia, 2006. Used to expand information in Buous hazard analysis sections.

Secrets & Lies: Digital Security in a Networked Wiptby Bruce Schneier. Wiley Publishing, Inc. pdyaek
edition: 2000, 2004. Used to expand the cybersitgdaformation.

Additional sources from government documents, nastisles, and internet sites will be provided latethis
document.

Pearson

* Note: A huge array of newspaper articles, webssigovernment documents, official records, anckéab all types have formed the basis of the
information in this document. However, since poens editions did not connect each source withdtsesponding text, there has not been a clear way
to amend this document’s bibliography to correspuaiitti the extensive changes that have been madetlowe/ears. Some sources used in earlier
documents are expected to be out of date, and sbthem were never listed when the 2006 updatéeMichigan Hazard Analysis was published.
Therefore, altough the authors are confident in the quality efittformation here, much of this edition does ritgrapt specific citatins
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Overlap Between Weather Hazards and Other Sedtioihe Hazard Analysis

Extreme summer heat can increase the chances dfiredl (which has its own chapter in the “Ecologica
Hazards” section of this plan). Weather eventslwiag precipitation have effects upon local hydigyt. Heavy
precipitation, and/or melting snow, can cause fiogd Ice jams and log jams (a source of which nmajude
woody debris toppled into drains and streams kgngtiwinds) can also cause flooding. For more mfdion
about flooding, please refer to the sections orefRie and Shoreline flooding in the next sectiorthi$ hazard
analysis, dealing with “Hydrological Hazards.” Als the hydrological section is a chapter on dhiasigwhich
also have their origin in weather, but stem fromegiencing too little precipitation rather than tmach.

There is a strong connection between all of thedeeme weather events and the “technological hézaid
infrastructure failure, which has its own chapterttie “Technological Hazards” section of this plaBevere
weather has also been a factor in major transpamtatccidents, which also has a chapter of its awithe
Technological Hazards section.

Revised Treatment of Hazard Mitigation Strategiethis Edition of the MHMP

Previous MSP/EMHSD documents have tended to conaig&de array of activities that could in some memn
help to protect lives, property, the environment,,avithout clearly distinguishing which of theaetivities are
hazard mitigation and which ones deal with othexgels of emergency management (preparedness, respons
recovery). This plan update will emphasize, whpossible, the types of activities that are mostperly
considered to be hazard mitigation, especially géhtbst are (or should be) eligible for federal fimgd The
reason for this change is because of a large nuofdecal hazard mitigation plans that predominaindentify
preparedness activities rather than hazard mitigatilt must be admitted that not all of the hagaiated by
Michigan are ones that have very clear-cut hazatation activities, although many preparednessponse,
and recovery activities have already been ideutifiethe previous edition of this plamput is requested from
all readers to help identify effective hazard mitigition activities for inclusion in this (as well aduture and
local-level) hazard mitigation document(s).
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Thunderstorm Hazards

Severe thunderstorms are weather systems accordganstrong winds (at least 56mph), lightning, heeain (that
could cause flash flooding), hail (at least 3" déden), or tornadoes. Severe thunderstorms carr at@ny time in
Michigan, although they are most frequent durirgwarm spring and summer months from May througtte®eber.
The potential thunderstorm threat is often meashbyethe number of “thunderstorm days” — definealags in which
thunderstorms are observed. As the map belowateh¢ various areas in Michigan are subject tovanage of at
least 20 thunderstorm days per year, and up togust 40 days per year in the state’s southwesterner. The
Lower Peninsula, in general, is subject to apprexaty 28-40 thunderstorm days per year, while thpdd Peninsula

average is closer to 20-30 thunderstorm days paar. y€his map is based upon new weather servieefdah various
weather stations within (and near) Michigan.

Thunderstorm Hazards
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Thunderstorms form when a shallow layer of warm,istnair is overrun by a deeper layer of cool, diy. a
Cumulonimbus clouds, frequently called “thundertsgac@re formed in these conditions. These clouds cdten
enormous (up to six miles or more across and 40t0(D,000 feet high) and may contain tremendousuants of
water and energy. That energy is often releasdlkiiorm of high winds, excessive rains, lightniagd possibly halil
and tornadoes.

Thunderstorms are typically short-lived (often ilagtno more than 30-40 minutes) and fast moving5@0niles per
hour). Strong frontal systems, however, may spawe squall line after another, composed of manyviddal

thunderstorm cells. Severe thunderstorms may adsse severe flood problems because of the taarenins that
they may bring to an area. Thunderstorms sometimm& very slowly, and can thus dump a tremendmzuat of
precipitation onto a location. Flooding can resuitluding flash floods, “urban flooding,” and efine flooding.
Please refer to the hydrological hazard sectionnfiore information about these hazards. Large cexesl of
thunderstorms, called mesoscale convection systel@S), may operate as a larger-scale weather systehpersist
for several hours or more.

The following sections address in greater detabkéhspecific thunderstorm hazards: 1) hail; 2)thiong; 3) severe
winds; and 4) tornadoes (although most of thesardazcan also occur when no thunderstorm actisigvident).

One positive aspect of assessing thunderstorm cskees from the fact that thunderstorm hazards bawee degree
of predictability and are closely monitored by tNational Weather Service. In addition to dailydoasts, which
predict the probability of rainy or stormy weathére NWS system of Watches and Warnings helps contiasi

understand when there is a potential risk of setfeiederstorms, or if severe thunderstorms are manti When the
NWS issues a “Severe Thunderstorm Watch,” it mahas thunderstorms with large hail and damagingdwiare

possible in your area. When the NWS issues a ‘18elieunderstorm Warning,” it signifies that sevémenderstorms
(with the damaging winds and hail) are in your aeare imminent.

The NWS has five offices that serve Michigan ane esponsible for monitoring and providing predics and

bulletins for the entire state. The five officee & Grand Rapids, Detroit, Gaylord, Marquette] &orth Webster
(Indiana). These stations provide information evese weather watches and warnings, but also prowskful

Doppler Radar images that track the movement ohdbtstorms in your area. The North Webster offiogecs

portions of southwest Michigamvivw.weather.gov/iwk the Grand Rapids station covers the remaindsoothwest

Michigan fvwww.weather.gov/gjr the Detroit station covers Southeast Michigamw.weather.gov/dt) the Gaylord

station covers the north central portion of the kBowPeninsula and the eastern edge of the Uppemfgai

(www.weather.gov/apx and the Marquette station examines the majoritfy the Upper Peninsula
(www.weather.gov/mqt

Since thunderstorms bring the potential for dangetail, lightning, straight-line winds, and toroad, it is necessary
to further examine each of those hazards in therahctions of this planUseful historical information on halil,
severe winds, lightning, and tornadoes for your cauty can be found through the National Climatic Data
Center’s Storm Data website athttp://www4.ncdc.noaa.gov/cgi-win/wwecgi.dlI?wwEvefitorms Data for each
county in the state are listed there, and theréiaterical records of significant events for doz@fi hazards. This is
one of the most convenient information sourcesteranalysis of hazards, and was used extensivelys plan.

Hazard Mitigation Strategies for General Thunderstam Hazards

* Increased coverage and use of NOAA Weather Radio.

* Public early warning systems and networks.

* Tree trimming and maintenance to prevent limb bagakand safeguard nearby utility lines. (ldeataBgshment
of a community forestry program with a main goalcofating and maintaining a disaster-resistantdeauge in
public rights-of-way.)

» Buried/protected power and utility lines (where rappiate).

Emphasisin Local Hazard Mitigation Plans
Thunderstorms were identified as one of the magtificant hazard in local hazard mitigation plaos the following
counties: Allegan, Antrim, Arenac, Calhoun, Caskir€; Delta, Emmet, Genesee, Grand Traverse, Gratioon,
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lonia, Isabella, Kalamazoo, Kalkaska, Leelanau, €, .udMackinac, Marquette, Missaukee, Ogemaw, Osceola,
Roscommon, Saginaw, Shiawassee, Tuscola, WashtanawVayne.

Michigan’s 10 climate divisions (for the monitoringand analysis of precipitation)
Source: Rainfall Freguency Atlas of the Midwest, by Floyd A Huff and James R. Angel. Midwestern Climate Center and Illinois State Water Survey, 1992

Instructions for the Use of This Section

This section is useful for the assessment of rain and thunderstorm events, with
implications also for flash flooding. It allows various levels of rainfall precipitation
events to be interpreted in terms of their severity, based upon the historical
frequency with which such events had occurred in the past.

The map at left shows Michigan’s ten climate divisions, each of which is matched
with data in the multi-page table below. (See page 136 for a list of counties
located within each division.) The table contains sections listing numbers for each
of Michigan'’s ten divisions. For a given precipitation event, find the row that most
closely matches the duration of the rainfall event. Move across the row to find the
number that is closest to the number of inches of rainfall for that event. The
column in which that number appears tells the “recurrence interval” for that level of
precipitation. A recurrence interval is the average amount of time that elapses
between precipitation events of that particular severity level. Longer recurrence
intervals indicate a more severe event. The most extreme events listed in the
table are those with a 100-year recurrence interval. Such events are so severe
that they are expected (on average) to occur only about one time per century.
PreC|p|tat|on -based flooding is more likely to result from events with a longer recurrence interval. Any Michigan rainfall amounts that
exceed the values listed in the table are very rare and severe indeed!

As an example of the procedure described above, if an Ingham County event had caused 3 inches of rain to fall during a 6-hour
period, the Division 9 section of the table contains a row labeled “6-hr” and the column that most closely matches the 3” rainfall
amount contains a value of 3.07”, matching up with a 25-year recurrence interval (definitely a major rainfall event).

Table: Mean Frequency Distributions for Storm Periads of 5 Minutes to 10 Days, by Climate Division, ahRecurrence
Intervals of 2 Months to 100 Years in Michigan (foruse with thunderstorm and flood hazards)

Rainfall (inches) for each given recurrence interval
Division Duration 2-month 3-month 4-month 6-month 9-month 1-year 2-year 5-year 10-year 25-year 50-year 100-year

01 10-day 1.69 2.04 2.35 2.76 3.17 3.45 4.28 5.34 6.17 7.27 8.11 8.99
01 5-day 1.41 1.69 191 2.22 2.55 2.77 3.38 4.23 4.91 5.86 6.65 7.50
01 72-hr 1.24 1.46 1.65 191 2.20 2.39 2.96 3.69 4.29 5.11 5.79 6.49
01 48-hr 1.14 1.33 1.48 1.72 1.98 2.15 2.64 3.31 3.84 4.59 5.20 5.86
01 24-hr 1.07 1.25 1.37 1.58 1.79 1.95 2.39 3.00 3.48 4.17 4.73 5.32
01 18-hr 1.01 1.17 1.28 1.48 1.68 1.83 2.25 2.82 3.27 3.92 4.45 5.00
01 12-hr 0.94 1.09 1.19 1.38 1.56 1.70 2.08 2.61 3.03 3.63 4.12 4.63
01 6-hr 0.80 0.93 1.02 1.18 1.34 1.46 1.79 2.25 2.61 3.13 3.55 3.99
01 3-hr 0.69 0.80 0.88 1.01 1.15 1.25 1.53 1.92 2.23 2.67 3.03 3.40
01 2-hr 0.62 0.72 0.79 0.92 1.04 1.13 1.39 1.74 2.02 2.42 2.74 3.09
01 1-hr 0.51 0.59 0.64 0.75 0.85 0.92 112 141 1.64 1.96 2.22 2.50
01 30-min  0.40 0.46 0.50 0.58 0.66 0.72 0.88 111 1.29 1.54 1.75 1.97
01 15-min  0.29 0.34 0.37 0.43 0.49 0.53 0.65 0.81 0.94 1.13 1.28 1.44
01 10-min  0.23 0.26 0.29 0.33 0.38 0.41 0.50 0.63 0.73 0.88 0.99 1.12
01 5-min  0.13 0.15 0.16 0.19 0.21 0.23 0.29 0.36 0.42 0.50 0.57 0.64
02 10-day 1.61 1.94 2.23 2.62 3.02 3.28 3.93 4.78 5.44 6.43 7.22 7.98
02 5-day 1.25 1.50 1.70 1.97 2.26 2.46 3.00 3.71 4.25 511 5.81 6.55
02 72-hr 1.15 1.35 1.52 1.77 2.03 221 2.62 3.27 3.78 4.57 5.23 5.94
02 48-hr 0.97 1.13 1.26 1.46 1.68 1.83 2.31 2.98 3.49 4.24 4.88 5.55
02 24-hr 0.91 1.06 1.16 1.34 1.53 1.66 2.09 2.71 3.19 3.87 4.44 5.03
02 18-hr 0.86 1.00 1.09 1.26 1.44 1.56 1.96 2.55 3.00 3.64 4.17 4.73
02 12-hr 0.79 0.92 1.01 1.17 1.32 1.44 1.82 2.36 2.78 3.37 3.86 4.38
02 6-hr 0.69 0.80 0.88 1.01 1.15 1.25 1.57 2.03 2.39 2.90 3.33 3.77
02 3-hr 0.58 0.68 0.74 0.86 0.98 1.06 1.34 1.73 2.04 2.48 2.84 3.22
02 2-hr 0.53 0.61 0.67 0.78 0.88 0.96 121 1.57 1.85 2.24 2.58 2.92
02 1-hr 0.43 0.50 0.55 0.63 0.72 0.78 0.98 1.27 1.50 1.82 2.09 2.36
02 30-min  0.34 0.39 0.43 0.49 0.56 0.61 0.77 1.00 1.18 1.43 1.64 1.86
02 15-min  0.25 0.29 0.31 0.36 0.41 0.45 0.56 0.73 0.86 1.04 1.20 1.36
02 10-min  0.19 0.22 0.24 0.28 0.32 0.35 0.44 0.57 0.67 0.81 0.93 1.06
02 5-min  0.11 0.13 0.14 0.16 0.18 0.20 0.25 0.33 0.38 0.46 0.53 0.60
75

Natural Hazards — Weather (Thunderstorms)



Page 2 of Table: Mean Frequency Distributions for ®rm Periods of 5 Minutes to 10 Days, by Climate Dision, and
Recurrence Intervals of 2 Months to 100 Years in Mihigan (for use with thunderstorm and flood hazard¥

Rainfall (inches) for each given recurrence interval
Division Duration 2-month 3-month 4-month 6-month 9-month 1-year 2-year 5-year 10-year 25-year 50-year 100-year

03 10-day 1.63 1.96 2.26 2.66 3.06 3.33 3.99 4.92 5.65 6.66 7.50 8.35
03 5-day 1.29 154 1.75 2.02 2.33 2.53 3.10 3.91 4.57 5.46 6.23 7.04
03 72-hr 1.09 1.27 1.44 1.67 1.92 2.09 2.62 3.36 3.96 4.86 5.56 6.35
03 48-hr 0.97 1.13 1.26 1.46 1.68 1.83 2.34 3.02 3.55 4.31 4.94 5.60
03 24-hr 0.89 1.04 1.13 131 1.49 1.62 2.09 2.70 3.21 3.89 4.47 5.08
03 18-hr 0.84 0.97 1.06 1.23 1.40 1.52 1.96 2.54 3.02 3.66 4.20 4.78
03 12-hr 0.78 0.90 0.99 1.14 1.30 141 1.82 2.35 2.79 3.38 3.89 4.42
03 6-hr 0.67 0.78 0.85 0.99 112 1.22 1.57 2.03 241 2.92 3.35 3.81
03 3-hr 0.57 0.67 0.73 0.84 0.96 1.04 1.34 1.73 2.05 2.49 2.86 3.25
03 2-hr 0.52 0.60 0.66 0.76 0.86 0.94 121 1.57 1.86 2.26 2.59 2.95
03 1-hr 0.42 0.49 0.53 0.62 0.70 0.76 0.98 1.27 151 1.83 2.10 2.39
03 30-min  0.33 0.38 0.42 0.49 0.55 0.60 0.77 1.00 1.19 1.44 1.65 1.88
03 15-min  0.24 0.28 0.31 0.36 0.40 0.44 0.56 0.73 0.87 1.05 121 1.37
03 10-min  0.19 0.22 0.24 0.28 0.31 0.34 0.44 0.57 0.67 0.82 0.94 1.07
03 5-min  0.10 0.12 0.13 0.15 0.17 0.19 0.25 0.32 0.39 0.47 0.54 0.61
04 10-day 1.56 1.88 2.17 2.55 2.93 3.19 3.77 4.56 5.22 6.10 6.85 7.60
04 5-day 1.26 151 1.70 1.98 2.27 2.47 2.99 3.68 4.23 4.97 5.58 6.23
04 72-hr 112 131 1.48 1.72 1.98 2.15 2.63 3.27 3.75 4.45 5.00 5.60
04 48-hr 1.00 1.17 1.30 151 1.74 1.89 2.32 2.88 3.33 3.93 4.43 4.95
04 24-hr 0.94 1.09 1.20 1.39 1.57 1.71 211 2.62 3.04 3.60 4.06 4.53
04 18-hr 0.89 1.03 1.13 1.30 1.48 161 1.98 2.46 2.86 3.38 3.82 4.26
04 12-hr 0.82 0.95 1.04 121 1.37 1.49 1.84 2.28 2.64 3.13 3.53 3.94
04 6-hr 0.70 0.82 0.90 1.04 1.18 1.28 1.58 1.96 2.28 2.70 3.05 3.40
04 3-hr 0.60 0.70 0.76 0.88 1.00 1.09 1.35 1.68 1.95 2.30 2.60 2.90
04 2-hr 0.54 0.63 0.69 0.80 0.91 0.99 1.22 1.52 1.76 2.09 2.35 2.63
04 1-hr 0.44 0.51 0.56 0.65 0.74 0.80 0.99 1.23 1.43 1.69 191 2.13
04 30-min  0.35 0.40 0.44 0.51 0.58 0.63 0.78 0.97 112 1.33 1.50 1.68
04 15-min  0.25 0.29 0.32 0.37 0.42 0.46 0.57 0.71 0.82 0.97 1.10 1.22
04 10-min  0.20 0.23 0.25 0.29 0.33 0.36 0.44 0.55 0.64 0.76 0.85 0.95
04 5-min  0.12 0.13 0.15 0.17 0.19 0.21 0.25 0.31 0.36 0.43 0.49 0.54
05 10-day 1.64 1.97 2.27 2.67 3.07 3.34 4.14 5.28 6.21 7.59 8.75 10.02
05 5-day 1.38 1.65 1.86 2.16 2.48 2.70 3.36 4.30 5.07 6.25 7.26 8.36
05 72-hr 1.18 1.38 1.56 181 2.08 2.26 2.88 3.74 4.46 5.45 6.31 7.26
05 48-hr 1.04 1.22 1.36 1.58 181 1.97 2.53 3.34 4.01 4.97 5.81 6.73
05 24-hr 0.97 1.13 1.24 1.43 1.63 1.77 2.28 3.00 3.60 4.48 5.24 6.07
05 18-hr 0.91 1.06 1.16 1.34 1.53 1.66 2.14 2.82 3.38 4.21 4.93 571
05 12-hr 0.85 0.99 1.08 1.25 1.42 154 1.98 2.61 3.13 3.90 4.56 5.28
05 6-hr 0.73 0.85 0.93 1.08 1.22 1.33 1.71 2.25 2.70 3.36 3.93 4.55
05 3-hr 0.62 0.72 0.79 0.92 1.04 1.13 1.46 1.92 2.30 2.87 3.35 3.88
05 2-hr 0.57 0.66 0.72 0.83 0.95 1.03 1.32 1.74 2.09 2.60 3.04 3.52
05 1-hr 0.46 0.53 0.58 0.67 0.76 0.83 1.07 141 1.69 211 2.46 2.85
05 30-min  0.36 0.42 0.45 0.53 0.60 0.65 0.84 111 1.33 1.66 1.94 2.25
05 15-min  0.26 0.31 0.34 0.39 0.44 0.48 0.62 0.81 0.97 121 141 1.64
05 10-min  0.20 0.24 0.26 0.30 0.34 0.37 0.48 0.63 0.76 0.94 1.10 1.27
05 5-min  0.12 0.13 0.15 0.17 0.19 0.21 0.27 0.36 0.43 0.54 0.63 0.73
06 10-day 1.76 2.12 2.44 2.87 3.30 3.59 4.31 5.36 6.21 7.46 8.51 9.54
06 5-day 144 1.72 1.95 2.26 2.59 2.82 3.40 4.22 4.89 6.11 7.17 8.31
06 72-hr 1.23 1.45 1.64 1.90 2.18 2.37 2.88 3.62 4.24 5.27 6.17 7.18
06 48-hr 1.09 1.28 1.42 1.65 1.90 2.06 2.51 3.17 3.71 4.59 5.35 6.20
06 24-hr 1.02 1.19 1.30 151 1.71 1.86 2.27 2.85 3.34 4.15 4.84 5.62
06 18-hr 0.96 112 1.23 1.42 161 1.75 2.13 2.68 3.14 3.90 4.55 5.28
06 12-hr 0.89 1.04 1.13 131 1.49 1.62 1.97 2.48 2.91 3.61 4.21 4.89
06 6-hr 0.76 0.89 0.97 1.13 1.28 1.39 1.70 2.14 2.50 3.11 3.63 4.22
06 3-hr 0.65 0.76 0.83 0.96 1.09 1.19 1.45 1.82 2.14 2.66 3.10 3.60
06 2-hr 0.59 0.69 0.76 0.87 0.99 1.08 1.32 1.65 1.94 241 2.81 3.26
06 1-hr 0.48 0.56 0.61 0.70 0.80 0.87 1.07 1.34 1.57 1.95 2.27 2.64
06 30-min  0.38 0.44 0.48 0.56 0.63 0.69 0.84 1.05 1.24 154 1.79 2.08
06 15-min  0.28 0.32 0.35 0.41 0.46 0.50 0.61 0.77 0.90 112 131 1.52
06 10-min  0.21 0.25 0.27 0.32 0.36 0.39 0.48 0.60 0.70 0.87 1.02 1.18
06 5-min  0.12 0.14 0.15 0.18 0.20 0.22 0.27 0.34 0.40 0.50 0.58 0.67
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Page 3 of Table: Mean Frequency Distributions for ®rm Periods of 5 Minutes to 10 Days, by Climate Dision, and
Recurrence Intervals of 2 Months to 100 Years in Mihigan (for use with thunderstorm and flood hazard¥

Rainfall (inches) for given recurrence interval
Division Duration 2-month 3-month 4-month 6-month 9-month 1-year 2-year 5-year 10-year 25-year 50-year 100-year

07 10-day 1.57 1.89 2.18 2.56 2.94 3.20 3.88 4.75 5.39 6.21 6.83 7.48
07 5-day 1.22 1.46 1.66 1.92 2.21 2.40 2.96 3.68 4.23 4.99 5.61 6.26
07 72-hr 111 1.30 1.47 1.70 1.96 2.13 2.62 3.28 3.78 4.49 5.05 5.66
07 48-hr 1.02 1.20 1.33 154 1.78 1.93 2.37 2.97 3.41 4.03 4.52 5.04
07 24-hr 0.96 112 1.23 1.42 161 1.75 2.14 2.65 3.05 3.56 3.97 4.40
07 18-hr 0.90 1.05 1.15 1.33 151 1.64 2.01 2.49 2.87 3.35 3.73 4.14
07 12-hr 0.84 0.97 1.06 1.23 1.40 1.52 1.86 2.31 2.65 3.10 3.45 3.83
07 6-hr 0.72 0.84 0.92 1.06 121 131 161 1.99 2.29 2.67 2.98 3.30
07 3-hr 0.62 0.72 0.78 0.91 1.03 112 1.37 1.70 1.95 2.28 2.54 2.82
07 2-hr 0.56 0.65 0.71 0.82 0.93 1.01 1.24 154 1.77 2.06 2.30 2.55
07 1-hr 0.45 0.52 0.57 0.66 0.75 0.82 1.01 1.25 1.43 1.67 1.87 2.07
07 30-min  0.36 0.42 0.45 0.53 0.60 0.65 0.79 0.98 1.13 1.32 1.47 1.63
07 15-min  0.26 0.30 0.33 0.38 0.43 0.47 0.58 0.72 0.82 0.96 1.07 1.19
07 10-min  0.20 0.24 0.26 0.30 0.34 0.37 0.45 0.56 0.64 0.75 0.83 0.92
07 5-min  0.12 0.13 0.15 0.17 0.19 0.21 0.26 0.32 0.37 0.43 0.48 0.53
08 10-day 1.81 2.18 2.51 2.95 3.39 3.69 4.33 5.23 5.96 7.39 8.63 10.03
08 5-day 148 1.77 2.00 2.32 2.67 2.90 3.45 4.27 4.95 6.16 7.28 8.46
08 72-hr 1.29 1.52 1.72 1.99 2.29 2.49 3.00 3.75 4.41 5.50 6.45 7.51
08 48-hr 1.14 1.33 1.48 1.72 1.98 2.15 2.63 3.32 3.91 4.93 5.83 6.82
08 24-hr 1.07 1.25 1.37 1.58 1.79 1.95 2.37 3.00 3.52 4.45 5.27 6.15
08 18-hr 1.01 1.17 1.28 1.48 1.68 1.83 2.23 2.82 3.31 4.18 4.95 5.78
08 12-hr 0.94 1.09 1.19 1.38 1.56 1.70 2.06 2.61 3.06 3.87 4.58 5.35
08 6-hr 0.80 0.93 1.02 1.18 1.34 1.46 1.78 2.25 2.64 3.34 3.95 4.61
08 3-hr 0.69 0.80 0.88 1.01 1.15 1.25 1.52 1.92 2.25 2.85 3.37 3.94
08 2-hr 0.62 0.72 0.79 0.92 1.04 1.13 1.37 1.74 2.04 2.58 3.06 3.57
08 1-hr 0.51 0.59 0.64 0.75 0.85 0.92 111 141 1.65 2.09 2.48 2.89
08 30-min  0.40 0.46 0.50 0.58 0.66 0.72 0.88 111 1.30 1.65 1.95 2.28
08 15-min  0.29 0.34 0.37 0.43 0.49 0.53 0.64 0.81 0.95 1.20 1.42 1.66
08 10-min  0.23 0.26 0.29 0.33 0.38 0.41 0.50 0.63 0.74 0.93 111 1.29
08 5-min  0.13 0.15 0.16 0.19 0.21 0.23 0.28 0.36 0.42 0.53 0.63 0.74
09 10-day 1.77 2.13 2.45 2.89 3.32 3.61 4.26 5.15 5.83 6.81 7.60 8.40
09 5-day 1.43 171 1.93 2.24 2.58 2.80 3.36 4.10 4.71 5.57 6.27 6.99
09 72-hr 1.27 1.49 1.68 1.95 2.24 2.44 2.93 3.59 4.16 4.95 5.59 6.28
09 48-hr 1.17 1.37 1.52 1.77 2.03 221 2.66 3.28 3.79 4.50 5.10 5.73
09 24-hr 1.12 1.30 1.42 1.64 1.87 2.03 2.42 2.98 3.43 4.09 4.63 5.20
09 18-hr 1.05 1.22 1.34 1.55 1.76 191 2.27 2.80 3.22 3.84 4.35 4.89
09 12-hr 0.97 1.13 1.24 1.43 1.63 1.77 2.11 2.59 2.98 3.56 4.03 4.52
09 6-hr 0.84 0.97 1.06 1.23 1.40 1.52 1.82 2.24 2.57 3.07 3.47 3.90
09 3-hr 0.71 0.83 0.91 1.05 1.20 1.30 1.55 191 2.20 2.62 2.96 3.33
09 2-hr 0.65 0.76 0.83 0.96 1.09 1.18 1.40 1.73 1.99 2.37 2.69 3.02
09 1-hr 0.52 0.61 0.66 0.77 0.87 0.95 114 1.40 161 1.92 2.18 2.44
09 30-min  0.41 0.48 0.52 0.61 0.69 0.75 0.90 1.10 1.27 151 1.71 1.92
09 15-min  0.30 0.35 0.38 0.45 0.51 0.55 0.65 0.80 0.93 1.10 1.25 1.40
09 10-min  0.24 0.28 0.30 0.35 0.40 0.43 0.51 0.63 0.72 0.86 0.97 1.09
09 5-min  0.13 0.15 0.17 0.19 0.22 0.24 0.29 0.36 0.41 0.49 0.56 0.62
10 10-day 1.56 1.88 2.17 2.55 2.93 3.19 3.82 4.64 5.27 6.11 6.79 7.51
10 5-day 1.28 1.53 1.73 2.01 2.31 251 3.05 3.68 4.16 4.78 5.26 5.74
10 72-hr 1.18 1.38 1.56 181 2.08 2.26 2.74 3.34 3.76 4.31 4.74 5.16
10 48-hr 1.08 1.26 141 1.63 1.88 2.04 2.48 3.04 3.44 3.96 4.36 4.78
10 24-hr 1.03 1.20 131 151 1.72 1.87 2.26 2.75 3.13 3.60 3.98 4.36
10 18-hr 0.97 1.13 1.23 1.43 1.62 1.76 2.12 2.59 2.94 3.38 3.74 4.10
10 12-hr 0.90 1.04 1.14 1.32 1.50 1.63 1.97 2.39 2.72 3.13 3.46 3.79
10 6-hr 0.77 0.90 0.98 1.13 1.29 1.40 1.69 2.06 2.35 2.70 2.99 3.27
10 3-hr 0.66 0.77 0.84 0.97 1.10 1.20 1.45 1.76 2.00 2.30 2.55 2.79
10 2-hr 0.59 0.69 0.76 0.87 0.99 1.08 131 1.59 1.82 2.09 2.31 2.53
10 1-hr 0.48 0.56 0.62 0.71 0.81 0.88 1.06 1.29 1.47 1.69 1.87 2.05
10 30-min  0.38 0.44 0.48 0.56 0.63 0.69 0.84 1.02 1.16 1.33 1.47 161
10 15-min  0.28 0.32 0.35 0.41 0.46 0.50 0.61 0.74 0.85 0.97 1.07 1.18
10 10-min  0.21 0.25 0.27 0.32 0.36 0.39 0.47 0.58 0.66 0.76 0.84 0.92
10 5-min  0.12 0.14 0.15 0.18 0.20 0.22 0.27 0.33 0.38 0.43 0.48 0.52
77

Natural Hazards — Weather (Thunderstorms)



Hall

Conditions where atmospheric water particles from thunder storms forminto rounded or irregular lumps of ice that fall
to the earth.

Hazard Description

Hail is produced by thunderstorms when strong ugsli@mong the clouds carry water droplets abovefrezing
level and cause the formation of ice pellets arogmde nucleus (such as a water crystal or spedkisij. These can
remain suspended in the winds and can continueots lgrger until their weight is no longer suppbitaand they fall
to earth, possibly accompanied by heavy rains.lingahailstones batter crops, dent autos, and énjuildlife and
people. Large hail is a characteristic of seveomderstorms, and it may precede the occurrenagarhado.

Hail can be especially damaging to crops, homestaid automobiles. Approximately $1 billion imu#ges occurs
annually across the United States. In Michigaerehs usually at least one intense hailstorm gar yhat causes
significant damages. Unfortunately, for many haiisis, the total damages to property go unreported.

As a product of the strong thunderstorms that feetjy move across the state, the size of hail isllys proportional
to the intensity of the storm cell that generatesAis a thunderstorm passes over, hail usuallg fear the center of
the storm, along with the heaviest rain. Sometjraeng winds occurring at high altitudes in thartderstorm can
blow the hailstones away from the storm centersiceuan unexpected hazard at places that othemwight not
appear threatened.

Hazard Analysis

Most hailstones reported in Michigan range in dizem a pea (¥4" diameter) to a golf ball (134" diae@t but

hailstones larger than baseballs (2%" diameterle haacurred with the most severe thunderstorms.2009, the

official cut-point that denotes severe hail evemés increased from 0.75” to 1.00”. The followiradple provides the
official classifications of hail magnitude, as aftased in weather reporting and event records. eSstatistics cover
multiple categories of hail magnitude (by combiniagle cells together).

Descriptive size of hall Diameter Number |dimpacts: Areas of occurrence

Ml events

(1996-2013)
Pea Y4" (6mm) Too many toCommon occurrence. Impadgt&€very county in
Marble or mothball %" (13mm) | include not tallied—usually minimal. | Michigan
Penny or dime ¥4" (19mm) } 2080 Old threshold for severe ha|lEvery county in
Nickel 0.9” (22mm) |} raised to 1” in 2009. Michigan
Quarter 17 (25mm) } 1022 $70,028,000 property damagezvery  county in
Half-dollar 1% (32mm) | } $2.79M in crop damage Michigan
Walnut or ping-pong ball| 1%"” (38mm) } 427 $201.229M property damageAlmost all counties
Golf ball 13" (44mm) |} $3.025M crop damage, 3 inj. | across the state
Hen'’s egg 2" (51mm) 52 $7.33 million in property#3 counties located
Tennis ball 2%5" (64mm) 8 damage, $615,000 in crgpcross the entire state
Baseball 2%4” (70mm) 14 damages, 1 injury
Tea cup 3" (76mm) 7 $6.031M in property damage \MorsVestern U.P
Grapefruit 4” (102mm) 2 $800K in property damage g€luic, Jackson
Softball 4%, (114mm)| O

TOTAL: | 3612 $288M property, $8M crop All MI counties

Sources: Two left columns—Coenraads 2006:224, tligbé columns—NCDC Storm Events database.

The likelihood of severe hailstorms in specific Kgan counties is expected to be proportional &ftequency of
thunderstorms in that county, but as the tablekignchapter show, the impacts of hail are mucldérato characterize
than the mere frequency of occurrence (of whichrttag of Michigan thunderstorm days in the precediagtion

might provide a general indication).
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Hail History for Michigan Counties — arranged by region — Jan. 1996 to Oct. 2013
(The Lower Peninsula regions are ordered by “tinah south to north, west to east)

Please refer to the Michigan Profile Map sectiandgio explanation of regional divisions

COUNTY or area Hail Events | Days with Hail | Tot. prgperty damage | Tot. crop damage Injuries
Washtenaw 154 65 $10,000

Wayne 146 63 $7,000

.Livingston 45 27

Oakland 147 67 $11,000

Macomb 122 62 $2,000

5 Co Metro region 123 avg. 57 avg. Total $30,000 - 0
Berrien 39 24 $8,000 $1,300,000

Cass 23 19 $12,000

St. Joseph 41 25

Branch 54 29 $1,000,000

Hillsdale 35 23 $2,000,000

Lenawee 91 49 $2,150,000 1
Monroe 74 42

.Van Buren 26 22 $50,355,000 $230,000
Kalamazoo 54 40 $129,680,000 $370,000
Calhoun 34 14 $325,000 $285,000
Jackson 37 33 $380,000 $225,000
Allegan 47 30 $652,000 $372,000

Barry 39 32 $360,000 $205,000

Eaton 41 33 $435,000 $325,000
Ingham 40 26 $400,000 $235,000
.Ottawa 53 39 $497,000 $297,000

Kent 74 50 $14,952,000 $370,000

lonia 14 13 $4,175,000 $100,000
Clinton 26 19 $150,000 $115,000
Shiawassee 36 28 $2,800,000 $2,000,000
Genesee 157 64

Lapeer 59 34

St. Clair 71 37 $125,000

.Muskegon 40 26 $425,000 $250,000
Montcalm 25 20 $1,145,000 $135,000 1
Gratiot 25 19 $145,000 $120,000
Saginaw 86 38 $300

Tuscola 65 44

Sanilac 49 33 $155,000 $10,000
.Mecosta 22 18 $315,000 $160,000
Isabella 33 21 $145,000 $170,000
Midland 72 38 $1,00(

Bay 41 27 2
Huron 54 37 $5,000

34 Co S Lower Pen 49 avg. 31 avg. Total $212,792,300 Total $7,274,000 4

Continued on next page...
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Part 2 of Hail History for Michigan Counties — arranged by region

.Oceana 21 18 $200,000 $115,000
Newaygo 28 21 $245,000 $150,000
.Mason 16 12 $80,000 $25,000
Lake 15 12 $110,000 $65,000
Osceola 14 12 $75,000 $70,000
Clare 29 25 $455,000 $110,000
Gladwin 29 24

Arenac 31 22

.Manistee 19 12 $35,000
Wexford 22 18

Missaukee 14 13

Roscommon 31 25

Ogemaw 35 20

losco 47 28

.Benzie 9 8

Grand Traverse 18 15

Kalkaska 9 9

Crawford 18 15

Oscoda 34 20

Alcona 41 28

.Leelanau 29 19 $55,000
Antrim 25 16 $30,000
Otsego 36 18

Montmorency 25 20

Alpena 28 19

.Charlevoix 26 19

Emmet 15 12 $100,000

Cheboygan 15 12

Presque Isle 26 18 $3,500,000 $300,000 1
29 Co N Lower Pen 24 avg. 18 avg. Total $4,765,000 Total $955,000 1
Gogebic 45 25 $750,000

Iron 42 26 $4,100,000

Ontonagon 45 31

Houghton 43 24 $10,000

Keweenaw 4 4

Baraga 31 24

.Marquette 114 50 $64,647,000

Dickinson 54 35 $225,000

Menominee 54 34 $100,000

Delta 63 33 $4,000

Schoolcraft 32 25 $100,000

Alger 40 24 $5,00(

.Luce 15 14

Mackinac 12 10

Chippewa 22 15

15 Co Upper Pen 41 avg. 25 avg. Total $69,941,000 - 0
MICHIGAN TOTAL 3,612 584 $287,523,300 $8,229,000 5

Although damaging hail is much less frequent ttamélerstorms, since only a fraction of all thuntteras produce
damaging hail, there is still an unusual aspethéotypes of events that cause damages to occait.isHmost likely
for severe thunderstorms that also produce greatats of precipitation, but although damaging has occurred in
every part of Michigan, the events producing tlrgdat-sized hail are not always reported to be dargaand much
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smaller-sized hail often causes far greater negadtiwacts. The vast majority of reported propatgmage in
Michigan stems from just a few events. This unugadtern is also reflected in the geographic emmin damage
reports by county. As shown in the 2-page tabléherprevious pages, most of the property damagsecsby hail in
the past 18 years had been reported within justvacbunties: Kalamazoo, Marquette, and Van Bur&he pattern
seen in the data suggests a geographic componafantaging hail risks—since there is no clear reasby the

Detroit Metro area would be more damage-resisthah tthe Kalamazoo or Grand Rapids areas, the séagre
damages in the latter areas would appear to efitegn from pure chance or from geographic differenaeross
Michigan. This geographic hypothesis suggeststtiee are two areas of strongest risk from dangalyail: those in
the inland-southwestern areas of the Lower Peransmd the Iron-Marquette portion of the CentrapélpPeninsula.

Alternatively, the geographic pattern of the waestent hail events may just be an artifact of tlatively small
number of severely damaging events. If so, thensdvere hail hazard might be characterized inraerasimilar to
tornadoes, in that a severe event has the poteateduse severe damage to any location in Michiganthat the
chance of any specific location being struck isyvare. Therefore, for most of Michigan’s citizehsil will appear
to be a mere curiosity that seems infrequent amchleas. This impression is held by far fewer pesswho are
responsible for agricultural produce. They areravihat hail can be extremely harmful to their srofpany kinds of
produce are vulnerable to damage, whether fruivegetable: potatoes, beans, tomatoes, corn, saybepples,
peaches, grapes, plums, cherries and raspbersiesaideen severely damaged by hailstorms in Njiohi

Property damage often involves hail impacts upotomeehicles, but widespread damage to the roafisséing of
homes can also occur. Even though automobilesbeaprotected in garages, some hail is large entaglause
damage to built structures themselves. Thus, ditiad to the other types of thunderstorm hazaligbthing, winds
and tornadoes, and excessive precipitation), sedamage can come from severe hail.

A major damaging hail event can be expected in Mah at least once every 2 to 3 years, althoughytbieal county
will see such impacts only over the course of sHvéecades. The National Weather Service begandieg hail

activity in Michigan in 1967. Statistics since thane indicate that approximately 50% of the sevérunderstorms
that produce hail have occurred during the monthiune and July, and nearly 80% have occurred duhia prime
growing season of May through August. As a resiét,damage to crops from hail can be extensive.

There have been 5 injuries in Michigan due to baénts since the beginning of 1996. These invop&dons who
were outdoors and directly exposed to the impadtailstones. Two of the injuries occurred in dbssit during a
hailstorm in 1999. Another was a motorcyclist wiegeived a minor injury when struck on the mouihe other
injury documented on NCDC involved a person who waiempting to move a vehicle into a shelter, ard thus
exposed.

The National Weather Service forecasts of sevemmdérstorms usually give sufficient warning time atow
residents to take appropriate action to reduceffeets of hail damage on vehicles and some prgpétowever, it is
very difficult to prevent damage to crops. Mordails about specific Michigan events, and resultitagnages, is
provided in the subsection, below, about signifiddichigan hailstorms. At least $100 million ingperty and crop
damage has occurred from hail events in MichigaoesiL990.

Impact on the Public
Hail generally causes minor property damage witisimrea of impact, but large hail also discouragespublic from
outdoor activities and events, due to concernshiiwg safety and comfort.

Impact on Public Confidence in State Governance

If hail causes infrastructure failures, a questimay be raised about the adequacy of that infrastrec its

maintenance, and its design and regulation. Imtsuhat require mass sheltering, such as schodésge gatherings
(e.g. a county fair or community-sponsored eveihg, ability of local and state government to adégygplan for

severe weather is often vital to the success di swents, which themselves are often importanvéoious sectors of
the local and state economy. Citizen discontedt media-exacerbated controversies have arisen diturations in

which inadequate planning was evident, or provssifam public sheltering were inadequate.
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Impact on Responders

Responders tend to be working outdoors in conditioom which most residents are taking shelterth@lgh special
training and safety precautions have usually be&art (e.g. for line-repair workers), neverthelessponders are
more exposed to and at-risk from the impacts df Habrtunately, most episodes of hail are bried #ris usually easy
to take cover to avoid being injured.

Impact on the Environment

Hail is a product of strong thunderstorms, usuatlgurs along with the heaviest rain, and ranges$zim from a pea to
a golf ball (and in some rare occurrences, a bdi¥edde primary effects on the natural environinieiclude physical
damage to vegetation such as forests, plants, eps,cand physical harm to wildlife species. Fanith well-
established root systems will seldom die, but sgmenger or smaller forms of vegetation may not sena severe
hail storm. Hail can damage some fruit and vedetplants and render them unsuitable for consumgiiohumans.
This can also lead to an increased risk of bacteatcan kill healthy trees as well as nearby N#&d The impact of
hail can cause soil erosion that can exacerbabelifig, and large ice can potentially clog or redthee effectiveness
of drainage paths, culverts, and grates.

Significant Hailstormsin Michigan since 1985

May 1985 - Lower Peninsula (western and easternt@s)
In May 1985, severe thunderstorms accompanied ibgthack the western and eastern counties of thedr Peninsula, causing great damage. Two-indhwaai
reported in Cass County and $2 million in damagésuit crops were reported in Kent County.

March 27, 1991 - Lower Peninsula (central and saatlicounties)

On March 27, 1991 severe thunderstorms and accofimgahigh winds and hail caused considerable damagess a large portion of central and southerndrow
Michigan, damaging homes, businesses, farms ane paoilic facilities. A total of three deaths ar@ligjuries were attributed to the storms. Egg asdball-
sized hail, some exceeding 2.5” in diameter, wpented in the vicinity of Buchanan in Berrien Countn Kalamazoo and Portage in Kalamazoo Coumfgball
size hail, up to 4.5” in diameter, did extensivendge to automobiles, windows and trees.

April 12, 1996 - Lower Peninsula (southern counties

Up to golf ball sized hail fell across southern M@an along the path of severe thunderstorms. lirdes, power lines, windows, aluminum and vinylisgl on
houses were damaged. Numerous recreational velpaiked at a dealership were badly damaged. The esgulted in $6 million in property damage thrbagt
southern Michigan.

July 2, 1997 - Lower Peninsula (Berrien County)

A severe thunderstorm during the early morning sairJuly 2, 1997 pounded Berrien County with 1"2t@5” diameter hail that caused agricultural lesse
nearly $1 million. The hail destroyed 280 acredroits and 100 acres of vegetables in a two-mildenswath from Stevensville southeast to the coling;

Damaging hail was reported in numerous other lonatacross the Lower Peninsula on July 2 — justofriiee impacts of a storm system that would ewedhtu
spawn deadly tornadoes in southeast Michigan atitiea Presidential Disaster Declaration. (Ref¢he Tornadoes section for additional informafjion

June 24, 1998 - Lower Peninsula (central and souttmunties)

On June 24, 1998 two tracts of severe thunderstorossed the state moving east to west — one stastthed across central Lower Michigan, while atteer
moved into the southern portion of the state. ioee northerly thunderstorms produced large amoointsil in several counties, ranging from dimegtaarter
sized hail up to baseball size (2.75" in diamete). Damage was widespread, but not overly sevétewever, in Petoskey, hail (2.5” in diameterysed
$100,000 in damage to cars on two lots west of towningham County, near Onondaga, baseball-dizéddamaged auto glass and roofs, but specificag@m
figures were not available.

Sept. 26, 1998 - Lower Peninsula (northern counties

A line of severe thunderstorms that ravaged nonthewer Michigan during the weekend of Septembe2261998 produced hail up to 2” in diameter in
Manistee County, destroying an estimated 30,000e86bushels of apples at area farms. The sama symtem produced tennis ball-sized hail norttheftown

of Gladwin, which damaged several homes and vehicle Arenac County, near Sterling, 3.5” diamétail damaged crops and injured some livestock ed ar
farms, and damaged several homes, satellite diahdsyehicles.

June 9, 2000 - Iron River (Iron County); Randviieand Bluff (Dickinson County)

In the early morning hours of June 9, 2000 a lihthonderstorms moved through Iron County, prodgdtv5” hail that damaged approximately 575 honmes a
700 vehicles in a two-mile wide swath across thehson two-thirds of the city of Iron River. Thaihcaused approximately $2.3 million in roof andirsg
damage. Ping-pong ball sized hail in the Rand@tand Bluff area in Dickinson County caused $2@6,th damage to 20 homes and 20 vehicles. Tothl ha
damage in Iron and Dickinson Counties was $4.lignill

July 14, 2000 - Algonac (St. Clair County)

On the afternoon of July 14, 2000 severe thundemst@roducing large hail struck St. Clair Countyailstones as large as baseballs (2.75” in diamé&érin
Algonac, causing $125,000 in damage to cars andehonThe hailstones damaged roofs, ripped gutféisf diomes, dented air conditioning units, andkero
windows. The force of impact when the hailstorzesled in the canals in Algonac caused the watgplash five feet into the air.

July 13, 2004 - Posen (Presque Isle County)

On July 13, 2004 a devastating hailstorm causeeheite damage in the small town of Posen in Prei@e€ounty. The hail (2.75” in diameter) wasven at
times by wind gusts around 60 miles per hour. Miskdings and vehicles in the community sufferedhe sort of damage. Holes were punched in roads an
siding, cars were dented and windows were broléetocal church had to patch 300 holes in its roDBmage to a school roof was estimated at neaf® $20,
and a local greenhouse lost over a thousand twiobipdwo-foot window panes. One individual sufiér@ badly bruised back as he tried to move hiscleho
shelter. Substantial damage was done to cropgge(lapotatoes, along with some beans, tomatoesam) in nearby fields.

July 28, 2006 — Western Upper Peninsula (GogebimGp

An approaching cold front interacting with an ertedy unstable airmass triggered a widespread aaitboé severe weather across western and centraérUpp
Michigan from the late afternoon on the"antil just after sunrise on the 29 Hail of up to 4 inches in diameter resulted igngicant damage to roofs, siding,
and automobiles. Damage estimates in Wakefieldsanwunding areas had been reported as over $66mbut hail damages are currently listed in M@DC
storm events database as specifically totaling $IEOin Wakefield. 11 counties across the Cemindl Western Upper Peninsula were also affected.
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June 20, 2007 — Marquette (Marquette County)

One of the most significant hailstorms in memorynpeled downtown Marquette and Harvey during therafton of June 20, 2007. While most of the has wa
less than golf ball size, there were a few repafrtsail that was three inches in diameter. Thédaiumulated to several inches deep in downtowrvtte, and
storm drains clogged from shredded leaves causéthgibail to result in street flooding. Hundreofshouses sustained significant damage to roofssatidgs.

In addition, thousands of cars were damaged. Darastjmates from the storm for Marquette and suding areas were reported to total over $60 million

July 26, 2007 — Southern Lower Peninsula (espgcailiawassee, Muskegon, Lenawee Counties)

Large hail hammered areas in a 3 mile radius ar@urdnd for 50 minutes. The hail, at times, wabigsas golf balls. A local newspaper reported$tillion
in hail damages to homes alone. Hundreds of h@ndsvehicles were significantly damaged, with thigel averaging $4,000 per vehicle. This resultedn
estimate of $1 million in total vehicle damagesany crops in the area were also destroyed. Omeefagstimated $400,000 in losses to soybeans albotal
crop damages were conservatively estimated at $idmibringing the total cost of the hailstormriearly $5 million. A local newspaper reported $8, in total
damages to patrol cars and other vehicles at thavee County Fair. This event will be remembecedie extreme intensity of large hail that it geed.

April 5, 2010 — Southwestern Michigan

Severe thunderstorms produced large hail and wgnetster than 80 mph. The most significant damagerroed in the southern portions of Kalamazoo Cgunt
with damages estimated at $125 million, but VaneBu€ounty was also struck heavily, with damagesneséd at $50 million. To the west-southwest of
Schoolcraft (Kalamazoo County), the siding of mhoyes was destroyed on the homes’ western sidesgvthwas battered by large hail of about 1.75éscin
diameter. The estimated damages from this stoentemclude strong wind effects, not just hail irofza

April 26, 2011 — Southern Lower Peninsula (espscként, lonia, and Kalamazoo Counties)

Several thunderstorm supercells produced largerdpdrted as up to 2” in diameter. An EF-0 tornadear Burnips (Allegan County) and an injurioushitigng
strike in Portage (Kalamazoo County) also occudding this weather event. Hail damages includedsnortheast of Belding (lonia County, $4 miljiosouth
of Stanton (Montcalm County, $1 million), acrossthern Kalamazoo County ($4 million), and in KerduBty ($2 million).

Programs and I nitiatives

Note: Many of the programs and initiatives in plae mitigate, prepare for, respond to, and rectreen other severe
thunderstorms hazards (straight-line winds, lighgnand tornadoes) have the dual purpose of algeqgiimg against
hail. As a result, there is some overlap in theatewe programs and initiatives descriptions facte respective
hazard. This redundancy allows each hazard setmi@tand alone, eliminating the need to refer tteeio hazard
sections for basic information.

National Weather Service Doppler Radar

The National Weather Service (NWS) has completathppr modernization program designed to improveginaity
and reliability of weather forecasting. The keysoof this improvement is Doppler Weather Survedl Radar,
which can more easily detect severe weather evieatshreaten life and property — including stotimegt are likely to
produce damaging hail. Most important, the leatetand specificity of warnings for severe weatharehnimproved
significantly.

Doppler technology calculates both the speed aadiitiection of wind motion inside of severe storniBs; providing

data on the wind patterns within developing storths, system allows forecasters to better identfy ¢tonditions
leading to severe weather such as tornadoes, s&vaight-line winds, lightning and damaging haihis means early
detection of the precursors to severe storms, dsasdnformation on the direction and speed ofraonce they
form.

National Weather Service Watches/Warnings

The National Weather Service issues severe thutadersvatches for areas when the meteorological itiond are
conducive to the development of severe thunderstori@eople in the watch area are instructed to tstagd to
National Oceanic and Atmospheric Administration (A\NX) weather radio and local radio or televisiontistas for
weather updates, and watch for developing stor@sce radar or a trained Skywarn spotter detectextstence of a
severe thunderstorm, the National Weather Servitleisgue a severe thunderstorm warning. The vwarnill
identify where the storm is located, the directiorwhich it is moving, and the time frame duringiefhthe storm is
expected to be in the area. Persons in the waargaare instructed to seek shelter immediately.

The State and local government agencies are watinetie Law Enforcement Information Network (LEINJOAA
weather radio, and the Emergency Managers Weatifi@miation Network (EMWIN). Public warning is prioed
through the Emergency Alert System (EAS). The &tati Weather Service stations in Michigan transgnfdrmation
directly to radio and television stations, whichunn pass the warning on to the public. The Neti®Weather Service
also provides detailed warning information on thieinet atvww.weather.goywhere an interactive map can be used.

Severe Weather Awareness Week
Each spring, the Emergency Management and Homebaadrity Division of the Department of State Pglice
conjunction with the Michigan Committee for Sev@Veather Awareness, sponsors Severe Weather Awarévessk.
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This annual public information and education campafocuses on such severe weather events as tesiado
thunderstorms, lightning, high winds, flooding ahdil. Informational materials on hail and otheurtderstorm
hazards are disseminated to schools, hospitalsinguhomes, other interested community groups aantlitfes, and
the general public.

Hazard Mitigation Activities for Hail

» Increased coverage and use of NOAA Weather Radio.

= Public early warning systems and networks.

= Tree trimming and maintenance to prevent limb bagakand to safeguard nearby utility lines. (ldeal:
Establishment of a community forestry program wathmain goal of creating and maintaining a disaster-
resistant landscape in public rights-of-way.)

= Buried/protected power and utility lines. (NOTEh#/e appropriate. Burial may cause additional lerab
and costs in case of breakage, due to the incretifedlty in locating and repairing the problem.)

»= Moving vehicles into garages or other covered areas

» Inclusion of safety strategies for severe weathents in driver education classes and materials.

» Purchase of insurance that includes coverage fbdamage.

= Using structural bracing, window shutters, lamidagéass in window panes, and impact-resistant shiofgles
to minimize damage to public and private structures

Tie-in with Local Hazard Mitigation Planning

Because many means of implementing mitigation astioccur through local activities, this updated MPidlaces
additional emphasis on the coordination of Statellelanning and initiatives with those taking pdaat the local
level. This takes two forms:

1. The provision of guidance, encouragement,iacehtives to local governments by the State, to
promote local plan development (including a cdesition of hail), and
2. The consideration of information containedbical hazard mitigation plans when developing&tat

plans and mitigation priorities.

Regarding the first type of State-local planningrination, the information immediately followingqvides advice
regarding the hail hazard to offer guidance to liptanners, officials, and emergency managersadt been adapted
from the February 2003 “Local Hazard Mitigation g Workbook” (EMD-PUB 207). For the second tygpfe
State-local planning coordination, a section folotliat summarizes hail information as it has begonted in local
hazard mitigation plans. For a brief summary of-related information from that section of this iplat will here be
noted that hail was identified as one of the magtificant hazards in local hazard mitigation pldosthe following
counties: Antrim, Arenac, Clare, Genesee, Gratitiiyon, Lapeer, Mackinac, Monroe, Ogemaw, Roscommon,
Shiawassee, Washtenaw (13 counties, total).
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Lightning
The discharge of eectricity fromwithin a thunderstorm.

Hazard Description

Lightning is a random and unpredictable productdhunderstorm’s tremendous energy. The enerdiidnstorm

produces an intense electrical field like a giaattdry, with the positive charge concentrated a end and the
opposite charge concentrated at the other. Ligbtetrikes when a thunderstorm’s electrical po&ifthe difference
between its positive and negative charges) becarest enough to overcome the resistance of thewuling air.

Bridging that difference, lightning can jump froroed to cloud, cloud to ground, ground to cloudgwen from the
cloud to the air surrounding the thunderstorm. himing strikes can generate current levels of 3D,@040,000

amperes, with air temperatures often superheatbijter than 50,000 degrees Fahrenheit (hotter theusurface of
the sun) and speeds approaching one-third the syidigtht.

Hazard Analysis

Globally, there are about 2,000 thunderstorms otwurat any given time, and those thunderstormsse&au
approximately 100 lightning strikes upon the growath second. In the United States, approximéit@,000
thunderstorms occur each year, and every one sethtorms generates lightning. It is not uncommeora single
thunderstorm to produce hundreds or even thousahtightning strikes. However, to the majority thfe general
public, lightning is perceived as a minor hazafdhat perception lingers despite the fact that higig damages many
structures and kills and injures more people inUinged States per year, on average, than tornaolokarricanes.
Many lightning deaths and injuries could be avoidiegeople would have more respect for the thrégtthing
presents to their safety.

Lightning deaths are usually caused by the eledtfierce shocking the heart into cardiac arresthoowing the

heartbeat out of its usual rhythm. Lightning césoaut off breathing by paralyzing the chest mesar damaging
the respiratory center in the brain stem. It tadely about one-hundredth of an ampere of electriicent to stop the
human heartbeat or send it into ventricular fiatidn. Lightning can also cause severe skin bthvas can lead to
death if complications from infection set in.

As an indicator of the circumstances involving tighg fatalities, injuries and damage in the Unigdtes, consider
the following statistics compiled by the Nationatganic and Atmospheric Administration (NOAA) ane tlational
Lightning Safety Institute (NLSI) for the period 5959-1994:

Location of Lightning Strikes

* 40% are at unspecified locations

* 27% occur in open fields and recreation areasifrotiding golf courses)
» 14% occur to someone under a tree (not includifigcgairses)

» 8% are water-related (boating, fishing, swimmirtg,)e

* 5% are golf-related (on golf course or under tnegaolf course)

» 3% are related to heavy equipment and machinery

* 2.4% are telephone-related

* 0.7% are radio, transmitter and antenna-related

Gender of Victims
 84% are male; 16% are female

Months of Most Strikes
o July (30%); August (22%); June (21%)

Most Likely Time Period of Reported Strikes
e 2:00 PM-6:00 PM
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Number of Victims
* One victim (91%); two or more victims (9%)

The NLSI has estimated that 85% of lightning viiare children and young men (ages 10-35) engagextieation
or work-related activities. Approximately 20% dgHtning strike victims die, and 70% of survivonsffer serious
long-term after-effects such as memory and attardeficits, sleep disturbance, fatigue, dizzinass, numbness.

Lightning can be especially damaging for electricditastructure, causing localized power outaged damage to
phone lines and communication systems. Computerslao especially vulnerable to lightning strikesterms of
property losses from lightning, statistics vary @hidaccording to source. The Insurance Informatistitute (a
national clearinghouse of insurance industry infation) estimates that lightning damage amountsssin 5% of all
paid insurance claims, with residential claims al@xceeding $1 billion. Information from insuranc@mpanies
shows one homeowner’'s damage claim for every 3itrligg strikes. The NLSI has estimated that ligigrcauses
more than 26,000 fires annually, with damage t@erty exceeding $5-6 billion. Electric utility cganies across the
country estimate as much as $1 billion per yeatamaged equipment and lost revenue from lightnifige Federal
Aviation Administration (FAA) reports approximatel§2 billion per year in airline industry operatingsts and
passenger delays from lightning. Because lightnidgted damage information is compiled by so mdifferent
sources, using widely varying collection methodd enteria, it is difficult to determine a colleeéi damage figure for
the U.S. from lightning. However, annual lightnirejated property damages are conservatively estinat several
billion dollars per year, and those losses are &ggeto continue to grow as the use of computetsodimer lightning-
sensitive electronic components becomes more petval

Lightning-Related | mpacts on Michigan

Unfortunately, lightning has taken a tremendous$ ool Michigan’s citizens in terms of injury and $o®f life.
According to National Weather Service records tgtothe mid-2000s, Michigan had incurred 101 lighgndeaths,
711 lightning injuries, and 810 lightning casuat(deaths and injuries combined) — consistentliirgnit near the top
of the nation in all three categories. During pleeiod 1959-1995 (the last period for which compostatistics were
available), Michigan was ranked“2nationally (behind Florida) in lightning injuried,2" nationally in lightning
deaths, and" nationally (again, behind Florida) in lightningscalties. Undoubtedly, the fact that Michigan fis a
outdoor recreation-oriented state contributes Iedwi its high lightning death and injury tolls. sAhe following
tables indicate, Michigan’s lightning deaths anjdiriies were fairly consistent with the nationalne in terms of the
location of deadly or injury-causing strikes. Maezent data suggests some improvement in Michsgsaiatistics,
ranking it #13 in number of lightning deaths (1&jveeen the years 1998 and 2008.

Lightning-Related Deaths in Michigan: 1959-July 208
LIGHTNING DEATHS: 101

Number of Deaths Location Percent of Total

29 Open fields, ball fields 29%
26 Under trees (not golf) 26%
11 Boats / water-related 11%
10 Golf course 10%

4 Near tractors / heavy equipment 4%
2 At telephone 2%

19 Other location / unknown 19%

Source: Storm Data, National Climatic Data Center
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Lightning History for Michigan Counties — arranged by region — Jan. 1996 to Oct. 2013
(The Lower Peninsula regions are ordered by “titnah south to north, west to east)

Please refer to the Michigan Profile Map sectianafio explanation of regional divisions
COUNTY or Lightning Events | Days with Event | Total property | Injuries | Deaths
area damage
Washtenaw 20 18 $1,820,000 4 1
Wayne 20 16 $557,000 18 3
.Livingston 12 12 $1,844,000 1
Oakland 39 33 $2,318,000 5 1
Macomb 25 19 $2,927,000 7
5 County Metro 23 avg. 20 avg. $9,466,000 35 5
region
Berrien 3 3 $840,000 1
Cass
St. Joseph 5 5 $30,000 2 1
Branch
Hillsdale 1 1 1
Lenawee 18 14 $880,000 1
Monroe 8 7 $143,000 2
.Van Buren 2 2 $200,000 2
Kalamazoo 3 3 $20,000 10
Calhoun 1 1 $11,000
Jackson
Allegan
Barry 1 1 1
Eaton
Ingham
.Ottawa 3 3 $60,000 1
Kent 3 3 $1,000,000
lonia 1 1 1
Clinton
Shiawassee 6 6 $225,000 1
Genesee 14 14 $220,500 11 1
Lapeer 9 6 $1,328,000 4
St. Clair 6 6 $28,000 1
.Muskegon 1 1 $40,000
Montcalm 1 1 4
Gratiot
Saginaw 7 6 $202,500
Tuscola 1 1 $100,000
Sanilac 5 4 $145,000
.Mecosta 2 2 $50,000 4
Isabella 1 1 $10,000
Midland 6 6 $70,00(

Bay 5 4 $63,00(

Huron 3 3 $535,000

34 County S 3 avg. 3 avg. $6,201,000 45 4
Lower Peninsula

Continued on next page...
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Part 2 of Michig

an County Lightnin

History table

.Oceana
Newaygo 1 1 $100,000
.Mason
Lake
Osceola
Clare 1 1 $5,00(
Gladwin 1 1 6 1
Arenac 1 1 $50(
.Manistee 1 1
Wexford 1 1
Missaukee 3 3 $1,000 2
Roscommon 2 2 $55,000
Ogemaw 1 1
losco 3 3 $15,000 6
.Benzie 1 1
Grand Traverse 6 4 $170,000 1 1
Kalkaska 2 2 1
Crawford 1 1 1
Oscoda 2 2 1 2
Alcona
.Leelanau 2 2 $40,000
Antrim 2 2 $80,000
Otsego 4 4 $503,000
Montmorency
Alpena 1 1 1
.Charlevoix 1 1
Emmet 1 1 $4,000
Cheboygan 2 2 $75,000 1
Presque Isle 2 2 $4,000
29 Co N Lower 1.5 avg. 1.4 avg. $1,052,500 20 4
Pn
Gogebic 2 2 1 1
Iron 1 1 $50,000
Ontonagon
Houghton 2 2 $25,000
Keweenaw
Baraga
.Marquette 4 4 $41,000
Dickinson 3 3 $171,000
Menominee
Delta
Schoolcraft
Alger 2 2 3 1
.Luce 1 1 $70,000
Mackinac 1 1 $150,000
Chippewa 1 1 $2,800
15 Co Upp.Pen 1.1 avg. 1.1 avg. $509,800 4 2
MICHIGAN 291 177 $17,229,300 104 15
TOTAL
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Although Michigan’s counties experience from ab2dtto 40 thunderstorm days per year, there arealesrmumber

of known damaging lightning events per year (ald@usuch events per year, on average). Michigarésage deaths
from lightning are approximately 1 per year, anpliries average about 6 per year. Property damame fmajor

events totals over $17 million since 1996 — averggiearly $1 million per year. (Data from the Matl Climatic

Data Center have been used to calculate thesstis&)i Although an analysis by Global Atmosph&rimc. had

determined that Southwestern Michigan has the Bigfage of lightning strikes, with a strike ratibdflashes/km?/yr,

the Southeastern part has a much greater ratentdgiag lightning events, as shown in the NCDC sumgrtables on

the previous pages. For comparison, the Globalo&pherics study determined that locations soutiidfand have

strike ratios of 3 flashes/km?/yr, and areas noftMidland have strike ratios of 2 flashes/km2ipcluding the Upper
Peninsula. In terms of NCDC damaging incidentsugh, southeast Michigan counties average at ledsimaging

event per year, but the rest of the state averafest one-tenth of this rate. The data revealsesoarelation

between urbanized land uses and lightning vulnkglwhich makes sense from the perspective tHatation that is

hit in an urban area is more likely to have humeams property in or near that location, to be harmBdt there is also
a greater incidence of lightning damage specifjcaiithin the southeastern counties, as a reswveadther patterns
and not just the level of development present there

Lightning-Related Injuries in Michigan: 1959-July 2005

LIGHTNING INJURIES: 711

Number of Location Percent of Total
Injuries

243 Open fields, ball fields 34%
104 Under trees (not golf) 15%

35 Golf course 5%

26 Boats / water-related 4%

19 At telephone 3%

20 Near tractors / heavy equipment 3%
264 Other location / unknown 37%

Source: Storm Data, National Climatic Data Center

Because it is virtually impossible to provide cosgtpl protection to individuals and structures fraghthing, this
hazard will continue to be a problem for Michiganesidents and communities. However, lightningtiteainjuries,
and property damage can be reduced through a catidnrof public education, human vigilance, tecloggl proper
building safety provisions, and simple common sense

Large outdoor gatherings (e.g., sporting eventsceds, campgrounds, fairs, festivals, etc.) argqudarly vulnerable
to lightning strikes that could result in many desatind injuries. This vulnerability underscores timportance of
developing site-specific emergency procedurestfesd types of events, with particular emphasisdag@ate early
detection, monitoring, and warning of approachihgnderstorms. Early detection, monitoring, and nivey of
lightning hazards, combined with prudent protecteéons, can greatly reduce the likelihood of tighg injuries and
deaths. In addition, close coordination betweasnewerganizers, local emergency management officéald response
agencies (i.e., police, fire, emergency medicakxaan help prevent unnecessary (and often tratpys and
mistakes in rendering care should a lightning iaeotcbccur.

Impact on the Public

Lightning has a discouraging effect on outdoonatitis, and has also caused casualties (includesghd and severe
property damage, including the ignition of struatuires and wildfires, which in turn present sesadditional risks
and harm to the public and its property. Electremad communications infrastructure can be affedtedightning
strikes, causing widespread inconvenience and,omescases, life-threatening impairment of neededlicak
equipment and emergency response.

89
Natural Hazards — Weather (Thunderstorms - Liglgnin



Impact on Public Confidence in State Governance

When lightning causes infrastructure failure, asfio® may be raised about the adequacy of thaastrcture, its
maintenance, and its design and regulation. Imtsvat require mass sheltering, such as schoddsge gatherings
(e.g. a county fair or community-sponsored evethg, ability of local and state government to adégygplan for

severe weather is often vital to the success di swents, which themselves are often importanvéoious sectors of
the local and state economy. Citizen discontedt mrdia-exacerbated controversies have arisen $rurations in

which inadequate planning was evident, or provisifam public sheltering were inadequate.

Impact on Responders

Responders tend to be working outdoors in conditioom which most residents are taking shelterth@lgh special
training and safety precautions have usually bed&ert (e.g. for line-repair workers), neverthelessponders are
more exposed to and at-risk from lightning. Thiskes the use of various equipment more difficutt anhibits the

ability of responders to work safely outdoors.

Impact on the Environment

Trees can be blown apart completely if struck lgytining, or have branches and bark broken off ¢hat scar and
even kill them. Lightning can cause trees and mhtuegetation to catch fire, and large wildfiregv() can be
devastating upon an area’s short-term ecologiaadition. Dry lightning is lightning that occurs thino precipitation
at ground level, and this type of lightning is timest common natural cause of wildfires. Humans waidlife can
both be killed or injured when struck by lightniremd smoke from wildfires is unhealthy to breathe.

Significant Lightning I ncidents

As one might expect in a state with a high numbdigbtning deaths and injuries, lightning incidentivolving one
individual are fairly common in Michigan. Howevdightning incidents involving groups of individgahlso take
place. Over the past 35 years, numerous lightimcigents in Michigan have resulted in multipleungs:

Significant Lightning Incidents in Michigan
August 23, 1975 — Leslie (Ingham County)

Ninety people were injured, one seriously, whehttiing struck a campground during a severe thutamtens

June 20, 1979 — Camp Grayling (Crawford County)

Forty-five National Guardsmen were injured and étwéthem hospitalized when lightning struck a ntess during a training mission.

July 7, 1994 — Potterville (Eaton County)

Lightning struck a swimming lake at Fox MemoriaklPaear Potterville, injuring 22 people (one catlg). This strike seemingly came from “out of thieie.”
That is, there was not a storm actually overheaghwhoccurred. This is why waters need to be estezl when there is any indication of lightningrbga

June 21, 1995 — Ishpeming (Marquette County)
Although no one was injured in this event, a lighgnstrike caused a fire that destroyed a 100-gkhchurch in downtown Ishpeming, with damagesested at
over a million dollars. Lightning also destroyéa thimney of a downtown house there, during theesstorm event.

July 18, 1996 — Gladwin (Gladwin County)

A single bolt of lightning from a distant thundemsh struck and killed the pitcher in a men’s leagoéball game. Several in the infield were knockedhe
ground by the lightning and three were taken tdhtbepital that day.

June 21, 1997 — Otisville (Genesee County)

After lightning struck a building that was housiagchildren’s event, eight children were taken te tospital with complaints of numbness and tingling
Fortunately, none of the injuries appeared to bess

July 26, 1997 — Farmington Hills (Oakland County)

$750,000 in damage was caused when lightning dtarfie in a two-story apartment building.

September 19, 1997 — Southern Lower Peninsula @vdjlVVan Buren, Barry, and Kalamazoo Counties)

Lightning struck a farm near Coleman (Midland Cagiinkilling 4 horses and doing $10,000 in damabghtning also damaged 2 houses in Waterford Tovwmsh
(Oakland County) and an apartment building in Viéestl(Wayne County). The South Haven Community Hal@/an Buren County) received a direct lightning
strike on its radio tower, disabling communicatidhere ($200,000 damage). A young boy receivecbmimuries at Hastings (Barry County) when ligimi
struck near him. Lightning started a house fir€limax Township (Kalamazoo County), resulting 2000 of damage.

June 16, 1998 — Southern Lower Peninsula (WaynshWaaw, and Kent Counties)

A severe thunderstorm developed and a great anuduighting was produced. A man was killed by kiging when walking to his car in Detroit, and a wam
and boy were injured by a lightning strike at aleiLeague game in Taylor (Wayne County). A traitisng antenna for a radio station in the Hudsoridviarea
(Washtenaw County) was struck and had to be repléadgout $100,000 damage). A Livonia residencéesed significant damage from a lightning strikbdat

$2,000 in damage). In Alto (Kent County), lightgistarted a fire that destroyed a new educatiamédibg at a church.

July 21, 1998 — Southern Lower Peninsula (Muskeg@nt, Macomb, and Wayne Counties)

Severe thunderstorms brought severe winds anddredightning to both the east and west parts efsbuthern Lower Peninsula. In the west, the cesimtf
Muskegon, Kent, and Ottawa suffered more than farhiéllon dollars of damage from lightning strikeshich caused several major fires. In Muskegonr®gu
lightning caused an attic fire in a house ($40,8@énage) in Muskegon Township, a fire in a storagjiding in Egelston Township, and power outages tha
affected 7,500 persons. In Kent County, more 8&00,000 in damage resulted from a lightning-cadisedhat heavily damaged an apartment buildinGrand
Rapids, destroying six apartments on the top fio@ damaging at least 10 additional apartments wieeroof caved in. 15,000 homes lost electrittitpughout
the Grand Rapids metro area, mostly caused byniigdptstrikes. The southeastern part of the st@e @en more heavily impacted by these thunderstorm
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resulting in state and federal disaster declaratinoriWayne and Macomb County. The storms prodesed 4,300 cloud-to-ground lightning strikes, soofie
which caused fires that destroyed a house and antnagnt building, leaving 16 persons homeless anuding $275,000 in damage in Sterling Heights (M#zo
County). In Waterford Township (Oakland County)y@man was hospitalized after being struck by highg in a park.

August 10, 1998 — Brighton (Livingston County)

Thunderstorm-produced lightning struck a storelmeest of Brighton. The resulting fire destroyed bBuilding ($1.5 million in damage).

May 11, 2000 — Northville (Wayne County)

Lightning struck at a soccer field as a group weaded for shelter, knocking several persons dowlnrequiring a 12-year-old boy to be hospitalizédter that
evening, lightning struck a tree in Dearborn Hesghind a man working nearby was struck by a limmfthe tree, resulting in injuries which hospitadizhim.
May 18, 2000 — Detroit Metro Airport (Wayne County)

Lightning struck the steel superstructure of a tewinal under construction at Detroit Metropolitainport, injuring nine workers (two requiring hatgization).
July 27-28, 2000 — Southeast Michigan (Macomb, eapBanilac Counties)

Near Romeo (Macomb County), a lightning striketsthi fire that destroyed an automall on July 28r(fillion damage). The previous day, lightning s@2di a
fire that destroyed a manufacturing building andndged a nearby company structure in Dryden (La@eemty, $650,000 damage). In the Sandusky area
(Sanilac County), a lightning-produced fire paljialestroyed a barn ($15,000 damage).

December 11, 2000 — Ann Arbor (Washtenaw County)

Northwest of Ann Arbor, $1.1 million in property miage resulted when lightning caused a large horbe ttestroyed in the middle of a winter storm ereecy.
June 12, 2001 — Benton Harbor (Berrien County)

Lightning struck an apartment complex in Benton fiship, resulting in 35 residents being evacuataé. tbtal property damage from the fire was $80Q,000
September 19, 2002 — Ann Arbor (Washtenaw County)

One roofer was killed and two others were badlyriegl in Ann Arbor when they were hit by lightningrohg a thunderstorm.

July 4, 2003 — Oscoda (losco County)

During thunderstorms, lightning destroyed a largsiess sign whose fragments damaged nearby v@hi@ae car had four occupants injured by shagerin
glass, and damages were estimated at $10,000.

July 16, 2005 — Macomb Township (Macomb County)

One house was completely destroyed by fire asethdtrof a lightning strike. Five additional hodses started in the areas of 22 and 23 Mile Rpdds to other
lightning strikes from the same storm event. Tdtahages amounted to about a million dollars.

July 17, 2006 — Southeastern Michigan (Saginawvdagne Counties)

Intense thunderstorms produced lightning that sslyodamaged a Church bell tower in Saginaw ($XB@amage), and caused one injury and one dedlie in
central-city area of Wayne County, when a couplgghbrefuge outdoors by going under a tree, whiah then struck during the storm.

July 22, 2009 — Big Rapids (Mecosta County) andl@dyOtsego County)

At 8:45 am, a non-severe thunderstorm caused ligitio strike pine trees at Ferris State University/four construction workers were standing neavhly four
workers were injured. That same afternoon, a figlgt strike 1 mile north of Gaylord ignited a fitleat rapidly spread through the Alpine Haus apamtme
complex, destroying it and leaving 52 persons withmusing. Fortunately, no one was hurt in thertapent fire, but damages were estimated at $500,00
July 15, 2010 — Vestaburg (Montcalm County)

Lightning struck four young persons between 9 aBigdars of age at a baseball diamond near Vestatirogunately, all survived the incident, but thejuries
required special emergency care, including emesgeredical flights to the appropriate care facititie

September 21, 2010 — Kent County

Various fire departments reported that about a midmrise fires were ignited, in an area from Adatsoo Caledonia, by lightning strikes produced byese
storms during the late afternoon.

April 26, 2011 — Portage (Kalamazoo County)

Nine people were injured and sent to the hospita¢ (severe) after lightning struck at a socced fielWestfield Park (Portage). One man went irtaliac arrest
but was able to be treated at a nearby hospitateledsed. The ages of the victims ranged froro 42

September 3, 2011 — Ann Arbor (Washtenaw County)

Michigan Stadium (with a capacity of over 100,0G®ple) was evacuated during a football game, d@ettmnderstorm. The game was eventually calledoff
the third quarter, due to the strong winds, heawyrtpours of rain, and several lightning strikes.

June 18, 2012 — Ellsworth (Antrim County)

Lightning struck a home in Banks Township, andrésailting fire destroyed the home (causing aboQiCGE® in damage).

Programs and I nitiatives

Unfortunately, lightning prevention or protectidn,an absolute sense, is impossible. Howeverctimsequences of
lightning strikes have been diminished (both inmerof deaths and injuries and property damage)ugrahe
implementation of the following programs and spkcigiatives:

National Weather Service Education

The National Weather Service issues severe thuidersvatches and warnings when there is a threaewgére
thunderstorms. However, lightning, by itself, ist sufficient criteria for the issuance of a watwhwarning (every
storm would require a watch or warning). The NadloNeather Service has an extensive public infGomgrogram
aimed at educating citizens about the dangergbfring and ways to prevent lightning-related deaiihd injuries.

Severe Weather Awareness Week

Each spring, the Emergency Management and Homd&andrity Division, Michigan Department of State iP®] in
conjunction with the Michigan Committee for Sev@Veather Awareness, sponsors Severe Weather Awarévessk.
This annual public information and education campafocuses on such severe weather events as tesiado
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thunderstorms, hail, high winds, flooding and lighg. Informational materials on lightning hazaede disseminated
to schools, hospitals, nursing homes, other intedesommunity groups and facilities, and the gdrmshlic.

Lightning Protection for Structures

The National Lightning Safety Institute (NLSI) hi@entified a systematic lightning hazard mitigatiapproach that
can be followed to protect structures from lighthotamage. That approach attempts to mitigate thetidirect and
indirect effects of lightning strikes through thgpéication of appropriate structural safety impnmants, as identified
in a comprehensive lightning safety analysis. Heliails of this mitigation approach can be obtdios a web page
for NLSI.

National Lightning Detection Network

Despite advancements in electric power system demngl equipment, lightning continues to be the Isit@rgest
cause of outages on electrical distribution anasimgission lines. To help combat that problemNh#&onal Lightning
Detection Network (NLDN) — a technologically advaddightning location system operated by a privatepany in
Phoenix, Arizona — was invented. The NLDN helpsctlc utilities make effective decisions regardilige
maintenance priorities, crew dispatch, and futuesigh and placement of utility transmission linesl dightning
protection. NLDN lightning data is available intbaeal-time and archival format (1989-present)ae Tightning
information from NLDN might lead to significant sags in utility maintenance and construction budgéhproved
design and placement of future transmission anttilolision infrastructure, and reduced outages daudéghtning-
related damage. Data from the NLDN can also bd tsémprove the safety of participants at outdeeents such as
golf tournaments, air shows, fairs and outdoorifalt, and sporting events and concerts at outdtamiums and
racetracks.

Local Lightning Detection Systems

Local lightning detection systems are increasingfng installed at golf courses, parks, pools, tspields and
stadiums, and other outdoor venues. These datedtigices monitor electrical activity in the atmiospe and identify
when favorable lightning conditions exist by acting a warning light or horn. That early warningncgive local
officials the time necessary to clear outdoor abedisre actual lightning strikes occur.

Lightning Risk Calculator for buildings

Since lightning is an isolated phenomenon that eaggeat damage to a limited area and minimal dan@adhe
structures adjacent to the lightning strike, itniscessary to determine lightning risks for somehaf important
buildings in your community. This is in additionttee general risk assessment of lightning strilexsypar for a given
county in the state. One way to calculate the afslightning strikes for a type of structure inwaarea is by using an
on-line  “Lightning Risk  Calculator” from HLP Systam Inc. at http://www.apltd.com/cgi-
local/aestiva/start.cqgi/riskhlp.htnT his lightning calculator examines the risk asat@d with various types of building
sizes, materials, heights, uses, and roof typets. niot a foolproof source for assessing lightniisgs for buildings in
your community, but it does provide a simple waybamin to look at how some areas may be affectelighyning
strikes.

Mitigation Alternativesfor Lightning

» Increased coverage and use of NOAA Weather Radio.

= Public early warning systems and networks.

= Tree trimming and maintenance to prevent limb bagekand safeguard nearby utility lines. (ldeal:
Establishment of a community forestry program wathmain goal of creating and maintaining a disaster-
resistant landscape in public rights-of-way.)

= Buried/protected power and utility lines. (NOTEh#/e appropriate. Burial may cause additional lerab
and costs in case of breakage, due to the increffiedlty in locating and repairing the problem.)

= Using surge protectors on critical electronic equépt.

= Installing lightning protection devices on the coomty's communications infrastructure.

Tie-in with Local Hazard Mitigation Planning
Because many means of implementing mitigation astieccur through local activities, this updated MPiMlaces
additional emphasis on the coordination of Statell@lanning and initiatives with those taking maat the local
level. This takes two forms:
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1. The provision of guidance, encouragement,iacehtives to local governments by the State, to
promote local plan development (including a cdesation of lightning conditions), and

2. The consideration of information containedbical hazard mitigation plans when developing &tat
plans and mitigation priorities.

Regarding the first type of State-local planningrination, the information immediately followingqvides advice
regarding the lightning hazard to offer guidancdowal planners, officials, and emergency managdtshas been
adapted from the February 2003 “Local Hazard Mitaa Planning Workbook” (EMD-PUB 207). For the ead
type of State-local planning coordination, a sectiollows that summarizes lightning information iashas been
reported in local hazard mitigation plans. Forri@flsummary of lightning-related information frotimat section of
this plan, it will here be noted that lightning wigientified as one of the most significant hazardsocal hazard
mitigation plans for the following counties: BrancBalhoun, Clare, Delta, Genesee, Huron, LapeerkMac,
Ogemaw, Roscommon, Shiawassee, Washtenaw (12 esunti
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Severe Winter Weather Hazards

Severe winter weather hazards include snowstortizzabds, extreme cold, and ice and sleet storf&s.a northern
state, Michigan is vulnerable to all of these wirtteazards. Most of the severe winter weather everdt occur in
Michigan have their origin as Canadian and Arcotddronts that move across the state from the wesirthwest,
although some of the most significant winter stolrage their origins from the southwest, in comboratvith Arctic
air masses. As the maps on the following pagew shbichigan averages moderate to heavy snowfall extceme
cold, averaging 90-180 days per year below freerinthe Lower Peninsula, and over 180 days bel@eging in
most of the Upper Peninsula. (For record snovealbunts and a description of Michigan’s three gangegions,”
please refer to the relevant table and text inntreduction to the Weather Hazards section in pihés.)

The snowstorms and ice and sleet storms secti@gdlow provide greater detail on those particidavere winter
weather hazards. The extreme temperatures sgutoides a more detailed overview of the severd tahperatures
hazard.

Winter storm hazards plague Michigan annually frolovember to March, with the state being vulnerafodle
snowstorms and ice and sleet storms. No areaeoftdite is immune to severe winter conditions taat clog or
paralyze the transportation network, cause widesppower outages, and slow normal daily activiteea standstill.
Each community should be prepared for the harsdsizape created by snow and ice extremes. One aovay t
understand the approaching risks of winter weatioenes in the form of daily forecasts, and winteitolas and
warnings from the National Weather Service. Thesite for the NWS isvww.crh.noaa.govwhich covers all
regions in Michigan. To obtain recent county-leliedtorical data since 1993 for both severe snowstand ice and
sleet storms, visit the National Climatic Data @eist Storm Event website,
http://www4.ncdc.noaa.gov/cgi-win/wwcgi.dll?wwEvetorms

Winter Weather Hazards (General)

* Increased coverage and use of NOAA Weather Radio.

* Tree trimming and maintenance to prevent limb bagakand safeguard nearby utility lines. (IdeataBgshment
of a community forestry program with a main goalcofating and maintaining a disaster-resistantdeauge in
public rights-of-way.)

» Buried/protected power and utility lines, where @ppiate.

» Establishing heating centers/shelters for vulnergolpulations.

Emphasisin Local Hazard Mitigation Plans

Severe Winter Weather was identified as one ofntlest significant hazard in local hazard mitigatmans for the
following counties: Allegan, Alpena, Antrim, BarrBay, Benzie, Berrien, Branch, Calhoun, Cass, Ehkaix,
Cheboygan, Chippewa, Delta, Emmet, Genesee, GravwiBe, Gratiot, Hillsdale, Huron, lonia, Isabelalamazoo,
Kalkaska, Kent, Lake, Lapeer, Leelanau, Luce, Mdgomdanistee, Marquette, Mason, Mecosta, Menominee,
Midland, Missaukee, Monroe, Montcalm, Montmorenkjyskegon, Newaygo, Oceana, Ogemaw, Osceola, Oscoda,
Otsego, Ottawa, Roscommon, Saginaw, Schoolcratwaissee, Tuscola, Van Buren, and Wexford.

To obtain recent county-level historical data sitt®83 for both severe snowstorms and ice and sleans, visit the
National Climatic Data Center’'s Storm Event wehsite
http://www4.ncdc.noaa.gov/cgi-win/wwcgi.dlI?wwEvestorms

and select a profile of your county’s major wingéorm history. The site has one category for geV8now and Ice”
storms, but categorizes them separately once @ydartcounty’s information is accessed.

The following two sections will outline the risksrfice, sleet, and snowstorms.
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Average Annual Days Below Freezing in the U.S.

Source: Council of State Governments; Federal Bemmly Management Agency
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Ice and Sleet Storms

A stormthat generates sufficient quantities of ice or deet to result in hazardous conditions and/or property damage.

Hazard Description

Although these two types of winter storms have bemnbined in this subsection, ice storms and sieems are two
different phenomena. Ice storms, also known azing rain, coat roads, trees, power lines, anldliogis with thick,

heavy, and slick surfaces. Ice storms are somstinmrrectly referred to as sleet storms. Skeasmall frozen rain
drops (ice pellets) that bounce when hitting theugd or other objects. Sleet storms, which invarall pellets of
ice accumulating on surfaces, are less dangerausitie storms, but still cause potential harm amgportation and
electrical systems. Sleet does not stick to teeebwires, but sleet in sufficient depth does cdwesmardous driving
conditions. Ice storms are the result of cold ithiat freezes on contact with a surface, coatimggitound, trees,
buildings, overhead wires and other exposed objeitts ice, sometimes causing extensive damage. n/dhectric

lines are downed, power may be out for several ,d&@gilting in significant economic losses and disuption of

essential services in affected communities. Massaffic accidents and power outages from downed timbs and
utility lines are common when an ice storm occurs.

Ice storms usually have a regional effect and mélyence all corners of Michigan. Groups of coestare usually
affected instead of just one county. Often, iagrss are accompanied by snowfall, in which theisceamouflaged
and covered up by snow, creating treacherous toatadjpn conditions. Both storms occur when thagerature is
close to 32F, but are far more severe when the temperaturetie 20s. The southern parts of the state hamaa

winter temperatures closer to °B2 so the prevalence for ice and sleet storms seaone likely there than in the
northern areas of the state. Events tend to be s@rere when they occur as temperatures lowethata0s.

Hazard Analysis

The table below illustrates the frequency distitnutof ice and sleet storms in Michigan for theiperl970-July
2007. Approximately 81% of those storms occurrednd) the months of January, February, March andl Aghen
conditions are most conducive for the developmérit® and sleet. One-quarter of all ice and sktetms in the
period occurred during the month of March, and ntbas a quarter occurred in January.

By observing winter storm watches and warningsgadge preparations can usually be made to redecentbacts of
ice and sleet conditions on Michigan communitid¢roviding for the mass care and sheltering oflesdis left without
heat or electricity, and mobilizing sufficient resoes to clear broken tree limbs from roadways, thes primary
challenges facing community officials. Severeaoel sleet storms can affect every Michigan commurniite storms
usually have a regional effect and groups of conitimsnare usually affected instead of just one comity.
Therefore, every community should plan and prefarehese emergencies. MSP/EMHSD staff has notfouatd
specific documentation on sleet and ice storménstate to verify different vulnerabilities in fdifent areas of the
state. The southern parts of the state have amvingdr temperatures closer to°82 so the prevalence for ice and
sleet storms seems more likely there than in thithem areas of the state. Planning and prepassdeféorts should
include the identification of mass care facilitiesd necessary resources such as cots, blankets stmplies and
generators, as well as debris removal equipmentsamdices. In addition, communities should devedimtoris
management procedures (to include the identifinadiomultiple debris storage, processing and digpsites) so that
the tree and other storm-related debris can belédrid the most expedient, efficient, and environtally safe
manner possible.

Frequency Distribution of Ice and Sleet Storms
in Michigan: 1970 — July 2007

FEB MAR APR MAY JUNE  JULY AUG | SEPT OCT | NOV DEC | TOTAL

17 10 14 6 0 0 0 0 0 0 3 9 59
29% | 17% | 24% | 10% | 0% 0% 0% 0% 0% 0% 5% | 15% | 100%

Source: National Weather Service; Storm Data,ddati Climatic Data Center (percentages are rounffed
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Ice/Sleet Storm History for Michigan Counties — aranged by region— Jan. 1996 to Oct. 2013

(The Lower Peninsula regions are ordered by “titnah south to north, west to east)
Please refer to the Michigan Profile Map sectianafio explanation of regional divisions

COUNTY or area Ice/Sleet Eventg Tot. property damage | Tot. crop damage| Deaths Injuries
Washtenaw 7 $3,400,000 1
Wayne 8 $5,000,000 1
.Livingston 7 $2,310,000

Oakland 8 $104,452,000 1 2
Macomb 8 $54,325,000

5 Co Metro region 8 avg. $169,487,000 1 4
Berrien 9 $30,00(

Cass 9 $30,000

St. Joseph 10 $30,000

Branch 9 1
Hillsdale 9

Lenawee 8 $2,530,000

Monroe 8 $4,540,000

.Van Buren 6 $25,000

Kalamazoo 6 $75,000

Calhoun 6 $30,000

Jackson 6 $30,000

Allegan 6

Barry 6 $25,000

Eaton 7 $325,000

Ingham 7 $340,000

.Ottawa 8 $500,000

Kent 8 $1,000,00(

lonia 8 $330,000

Clinton 7 $330,000

Shiawassee 8

Genesee 8 $110,000

Lapeer 8 $1,075,000

St. Clair 8 $10,100,000

.Muskegon 6 $200,000

Montcalm 8 $200,000

Gratiot 7 $1,250,000 $5,000

Saginaw 12 $1,010,000

Tuscola 9 $20,000

Sanilac 7 $30,000

.Mecosta 8 $350,000 $5,000

Isabella 8 $350,000 $5,000

Midland 11

Bay 11

Huron 8 $25,00(0

34 Co S Lower Pen 8 avg. $24,890,000 $15,000 1

Continued on next page...
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Part 2 of Ice/Sleet History for Michigan Counties -arranged by region

.Oceana

2

$200,00

Newaygo

$200,00

.Mason

$200,00

Lake

$200,00(

Osceola

$450,00

$5,000

Clare

$350,00(

$5,000

Gladwin

$60,000

Arenac

$50,00(

.Manistee

Wexford

Missaukee

Roscommon

Ogemaw

$5,00

losco

$50,00(

.Benzie

Grand Traverse

Kalkaska

Crawford

Oscoda

Alcona

.Leelanau

Antrim

Otsego

Montmorency

Alpena

.Charlevoix

Emmet

Cheboygan

Presque Isle

PN LALLM Rl PN EU N L RN I P R PR NI EN IS R N TN

29 Co N Lower Pen

3 avg.

Gogebic

Iron

Ontonagon

Houghton

Keweenaw

Baraga

.Marquette

Dickinson

Menominee

Delta

Schoolcraft

Alger

.Luce

Mackinac

Chippewa

S U R PN R PN IS N TR I IS PR R [

15 Co Upper Pen

MICHIGAN TOTAL

294

D

$196,142,00

$25,000 1

5

There is an average of about 15 significant storents in Michigan each year (not all of which aned damaging
on a community level). Many events are multi-cquetents, with damages from a wide area merelynestid within
each country, and therefore the state and coutdistm the table may not add together neatly. yMaa storm deaths
are actually caused by automobile accidents, fatatks from overexertion, downed power lines, earinonoxide
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poisoning, and other secondary effects that maditfieult to distinguish from other causes. Inrter of property
damage, major ice storm events have, accordingd@@lrecords, caused about $200 million in damages 1996

(averaging about $10 million per year), and theilA003 ice storm was particularly severe, repdyteadusing half
that amount in itself. Geographically, a cleartgrat is evident in the table—these events are ifnegtient in the
southern Lower Peninsula, and become much less oanimnorthern parts of the state. Damages frog/sieet

hazards were not even reported in NCDC recordshiiUpper Peninsula or the northernmost counti¢len_ower

Peninsula. The records indicate property and despage only in Michigan counties located soutthef4%" Parallel.

However, it is assumed that any events listed ilDISQvere serious enough that they had the potetotidd damage;
the lack of damage reports for the past 20 yearsldimot suggest that ice/sleet damage is impasdiloit merely less
likely according to the historical records.

Impact on the Public

Ice and sleet storms tend to cause power or atfir@structure failures that interfere with residemtctivities, comfort,
and safety (often through the impact of infrastnoetfailures on needed medical and emergency respmapabilities).
Direct physical effects may include frostbite, hifprmia, and other medical conditions, and thusiireqsome
citizens to be provided with warm clothing and sfrel Certain types of building designs are susilepto structural
failure from the accumulation of ice or snow onithieofs. Traffic efficiency and road capacity tisnto be impeded
by these weather events, which cause a large seiaahe risks involved in all modes of travehjulious accidents
may include simple pedestrian falls (due to théalifty of balancing and walking on ice-coated swds), or large-
scale transportation accidents (such as multirgarstate pileups).

Impact on Public Confidence in State Governance

For this hazard, the main issues regarding puldididence in government predominantly involve: {i¢ ability of

the infrastructure of the impacted area to withdtdme ice or sleet event and continue to serve r@sdents, and (2)
the ability of the government(s) to efficiently ateaway ice and sleet from areas that are modtyviteeded for

transportation and other shared public uses (elmats, hospitals). If any shortcomings or faitune one or both of
these functions are too evident to citizens (orsmasdia providers), then the capacity, efficieranyd adequacy of
government(s) may be called into question. In margas, the State and different forms of local guwents and
agencies will have different types of responsilesit and where problems arise in the coordinatroclarity of these
governments’ actions and responsibilities, disaointan reasonably be expected to be expressediignsi.

Impact on Responders

Responders are asked to be outdoors during wirgather events in which most citizens prefer to tsthkelter. In
addition to the risks from winds, obscured visionpaired control of vehicles, power failures anddiled roadways,
winter storm events also expose responders toregtyecold temperatures for long periods of timed amay thus
compound the difficulties, risks, and expensesesponse. Fatigue can more easily become a prabider extreme
temperature conditions, either during winter weattraergencies or during extreme summer heat andditym Icy
conditions make various travel and outdoor openaticeacherous.

Impact on the Environment

Freezing rain drops (sleet) and dangerous ice staroat surfaces with layers of ice and can alsectfthe

environment. Ice storms can damage trees, asdlghtwof accumulated ice brings down limbs and binas, or even
entire trees. When solil is not frozen, ice loaas cause root damage to forest trees. An icergpatier widespread
forest lands can destroy natural forest vegeteadiosh disrupt species’ habitats, species compositiod, forest land
diversity. Dried dead trees may be more proneirsy tontributing to wildfires in other seasonsnift removed

properly. Dead trees can become breeding areasefties and other pests that can harm the hegié®n trees.
Floods often occur when ice melts, and can caugeoemental effects (as described in the floodiagti®n).

Climate Change Considerations
Climate change effects seem likely to cause arease in the number of ice and sleet storm evenlisast across the
southern part of Michigan. The reason involves agertemperatures in and around the winter monttsatie closer
to the freezing point, at which ice and sleet ewvdgpically occur. Instead of winter arriving apdecipitation
remaining as snow, Michigan has been seeing maawitly episodes, followed by refreezes which canseau
treacherous ice cover upon frozen surfaces, weigin cables and tree branches, and cause breakagdslead to
infrastructure failures. Even though Michigan’snteér season has been shortening over time, wintarain
99
Natural Hazards — Weather (Severe Winter Weathee -and Sleet Storms)



hazardous because the increasing level of pretgitenore often takes the form of major snow eveatsl provides a
lot more moisture for refreezing after warmer thagwperiods.

Significant | ce and Sleet Stormsin Michigan since 1976
March 2-7, 1976 — Central Lower Michigan

During the period from March 2-7, 1976 an ice stavith accompanying high winds and tornadoes stau@9 county area in the central Lower Peninsulais T
storm, one of the worst to ever hit the state, edusver $56 million in damage, and widespread pawetages. The storm impacts were so severe that a
Presidential Major Disaster Declaration was gramvedhe 29 affected counties, to assist in thevery from the storm.

April 8, 1979 — Southern Lower Michigan
On April 8, 1979 an ice storm struck Lower Michigsouth of a line from Grand Haven to Bay Countyne Btorm left 240,000 utility customers without gow
for several days. In addition, numerous injuriesuited from the downed power lines.

January 1, 1985 — Southern Lower Michigan

On January 1, 1985 a severe ice storm struck adfty area in the southern Lower Peninsula. Fngemin accumulating up to one inch in thickneswrued
tree limbs, trees and power lines, blocked roads,caused widespread power outages. There were deaths and eight injuries directly related &itle storm.
Approximately 13,000 homes and 260 businessesisadtdamage or were destroyed, with losses estitrataearly $25 million. Another 160 businesses lo
inventory as a result of the storm damage and powtges. Over 430,000 electrical customers wetteowt power, some for as long as 10 days. At gight of
the power outage, 28 public shelters were openguadde shelter to nearly 1,000 residents withmawer or heat. Several nursing homes and adukrfesre
facilities had to be evacuated due to the lossowfgn and heat. Total public and private damagm ftois ice storm was estimated at nearly $50 millicA
Governor's Disaster Declaration was issued to rizebsitate resources to assist in the storm resgonsescovery.

March 13-14, 1997 — Central and Southeast Michigan

In the late evening hours of March 13, 1997 ansimem struck the central and southeastern LowemBela, causing widespread power outages, icy roads
downed trees and numerous school closings. Matlyeofounties in the southern third of Michigan evenpacted by the storm. North of Detroit, neallythe
precipitation fell in the form of freezing rain, amounts ranging from 0.8 to 1.5 inches. Fartbaths precipitation amounts ranged from 1.5 to lye&b inches.
Macomb County damages amounted to about $4 millienawee County totaled $1 million, as did Monramufty. Washtenaw damage tallies were $3 million,
Oakland had $4 million in damage, as did Wayne ®gwamd Livingston County suffered $2 million inrdages. In the storm’s aftermath, 514,000 Detrdis&h

and Consumers Energy electrical customers wereoutithower, several thousand of whom went withoutae long as 4 days. Major outages occurred in
Jackson, Kalamazoo, Cass, Branch, St. Joseph dhduBacounties, as well as in Lansing. Many la@hmunities opened shelters to accommodate resident
unable to remain in their homes due to the lacgafer. Response efforts were severely hampereshéy and windy conditions the following day. Irdébn

to fallen power lines, falling trees damaged doz#fresars and houses throughout the area. Mosoiche@re closed, and there were numerous autoexasid

April 3-5, 2003 — West and Central Lower Michigan

A major ice storm affected much of southern Lowechiban, causing hundreds of thousands of peoples® power. The weight of the ice brought down
thousands of trees and limbs and hundreds of ptimes. Many people across the area lost powesdoeral days and some who lived in outlying areaew
without power for a week. The ice storm resultredeveral million dollars’ worth of damage acrdss area. Most of the counties across the cenithbauthern
Lower Peninsula received a total of %2 to 1% inabfé@se. It was one of the biggest ice storms feaflower Michigan in the previous 50 years. Dgméotals
amounted to $1 million in Kent County, $1 million Lapeer County, $10 million in St. Clair CountygGmillion in Macomb County, and $100 million in
Oakland County, where 1 death and 2 injuries atsmwed (due to falling trees and branches). Aditil casualties stemmed from traffic accidents—dalwo
dozen injuries and one death, the latter from sskiiding into a ditch filled with water. Threerpens also died from carbon monoxide poisoning,tdibe use
of poorly ventilated generators.

February 16, 2006 — Central Lower Michigan

A major ice storm affected much of central LowercMgan. There were numerous reports of ice accationk up to one inch. This glazing caused widksspr
tree damage and thousands of power outages. Seopéepwvere without power for several days, resgliimthe opening of numerous temporary shelterstdue
the extreme cold in the wake of the ice storm.alfdamages were in excess of $2 million. $1 mmillie damage took place in Gratiot County, and $llioniin
Saginaw County.

January 14-15, 2007 — Southern Lower Michigan

A major ice storm affected an area from the extreméhwestern part of Lower Michigan northeast thi® Flint and Detroit metro areas. There were enonns
reports of ice accumulations up to one half indtnis glazing caused widespread tree damage and1&@000 structures to be without power. Total dges
exceeded $2 million.

March 1-2, 2007 — Southeast Michigan

In Huron County, a high-impact ice storm resultedce accumulations up to 3 inches thick on povvessl and trees. Other “Thumb” counties were atgolit.
Most of the damage occurred between 10 pm on Mhitd 1am on March 2. Strong winds gusted to 50 amgl brought down trees and utility poles overynan
miles. More than half of Huron County’s populatieas without power, some for up to 6 days. Hunslialight shelter and were assisted by the AmeRean
Cross. Hundreds of traffic accidents took planeluding some that were serious and resulted imjugiés and one death. Property damage alone aethto
$1.5 million (mostly in Huron County).

February 20-21, 2011 — Lenawee and Monroe Counties

At the end of a large snowstorm (producing 5 tarfidhes of snow across the majority of southeashigan), the snow turned to ice near the Ohio boadea
major ice storm occurred. Downed trees and poinesloccurred across Lenawee and Monroe Countiestodice accumulations of %2 to 1 inch. Power gesa
lasted for up to 4 or 5 days. Property damageesimalvee County amounted to $1.5 million, and $3I6amiin Monroe County.

Programs and I nitiatives

Note: Many of the programs and initiatives desijrte mitigate, prepare for, respond to, and recdvem
snowstorms have the dual purpose of also proteatjagnst ice and sleet storms. As a result, tiseseme overlap in
the narrative programs and initiatives descriptitorseach respective hazard. This redundancy alleach hazard
section to stand alone, eliminating the need terref other hazard sections for basic information.

National Weather Service Doppler Radar
The National Weather Service (NWS) has completathppr modernization program designed to improveginaity
and reliability of weather forecasting. The keysoof this improvement is Doppler Weather Survedl Radar,
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which can more easily detect severe weather evkatghreaten life and property — including seweiater weather
events such as ice and sleet storms. Most impgottenlead time and specificity of warnings fovee weather have
improved significantly.

National Weather Service Watches/Warnings

Sufficient warning can do much to reduce the danfage ice and sleet storms by permitting peopletepare
properly. The National Weather Service uses thageice storm," "freezing rain," and "freezingzile" to warn the
public when a coating of ice is expected on thaigdoand on other exposed surfaces. The qualitgng "heavy" is
used to indicate ice coating which, because ofetttea weight of the ice, could cause significantnege to trees,
overhead wires, and other exposed objects.

The State and local government agencies are waradtle Law Enforcement Information Network (LEINNational

Oceanic and Atmospheric Administration (NOAA) weathadio, and the Emergency Managers Weather Irthom

Network (EMWIN). Public warning is provided thrdughe Emergency Alert System (EAS). The Nationalaitder
Service stations in Michigan transmit informatioinedtly to radio and television stations, whichtirn pass the
warning on to the public. The National Weatheneralso provides detailed warning informationtioa Internet, at
www.weather.goywhere an interactive map can be used.

Winter Hazards Awareness Week

Each fall, the Emergency Management and Homelawcdr®g Division, Department of State Police, in porction
with the Michigan Committee for Severe Weather Aewvarss, sponsors Winter Hazards Awareness Weeks Thi
annual public information and education campaigcu$es on winter weather hazard events such as wrowgs
blizzards, extreme cold, and ice and sleet stormfrmational materials on winter weather hazaadd safety are
disseminated to schools, hospitals, nursing howtb®er interested community groups and facilitias] ¢he general
public.

Electrical Infrastructure Reliability

One of the major problems associated with ice stoignthe loss of electric power. Michigan has hadherous
widespread and severe electrical power outage®ddsice storms, several of which have resultesl power loss to
250,000 — 500,000 electrical customers for sevieoaks to several days at a time. Ice-related dantagelectric
power facilities and systems is a concern thatiadactively addressed by utility companies actbesstate. Detroit
Edison, Consumers Energy and other major electilityucompanies have active, ongoing programs rtgprove

system reliability and protect facilities from dageaby ice, severe winds, and other hazards. TWypichese

programs focus on trimming trees to prevent endnomnt of overhead lines, strengthening vulneralpktem

components, protecting equipment from lightningkes, and placing new distribution lines undergehunThe

Michigan Public Service Commission (MPSC) monitpmver system reliability to help minimize the scoped

duration of power outages.

Urban Forestry/Tree Maintenance Programs

Urban forestry programs can be very effective imimizing ice storm damage caused by falling treedree
branches. In almost every ice storm, falling traed branches cause power outages and clog pohlitways with
debris. However, a properly designed, managediraptemented urban forestry program can help keep-telated
damage and impact to a minimum. To be most eWfectin urban forestry program should address tiegatemance
in a comprehensive manner, from proper tree selecto proper placement, to proper tree trimmind kmg-term
care.

Every power company in Michigan has a tree trimnpnggram, and numerous local communities have ggpe of
tree maintenance program. The electrical utiligettrimming programs are aimed at preventing exatnment of
trees and tree limbs within power line rights-ofywaTypically, professional tree management comgmiaind utility
work crews perform the trimming operations. At tbeal government level, only a handful of Michiggsmmunities
have actual urban forestry departments or agenddten, crews from the area public works agencgaamty road
commission perform the bulk of the tree trimmingrkvo

When proper pruning methods are employed, and whemvork is done on a regular basis with the aimedfcing
potential storm-related damage, these programbeauite effective. Often, however, tree trimmingrk is deferred
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when budgets get tight or other work is deemedghdhi priority. When that occurs, the problem usuadanifests
itself in greater storm-related tree debris managgmroblems down the line.

Mitigation Alternativesfor | ce and Sleet Storms

» Increased coverage and use of NOAA Weather Radio.

= Tree trimming and maintenance to prevent limb bagekand safeguard nearby utility lines. (ldeal:
Establishment of a community forestry program wathmain goal of creating and maintaining a disaster-
resistant landscape in public rights-of-way.)

= Buried/protected power and utility lines. (NOTEh#/e appropriate. Burial may cause additional lerab
and costs in case of breakage, due to the incretifedlty in locating and repairing the problem.)

» Establishing heating centers/shelters for vulnergblpulations.

= Home and public building design and maintenanqedéwent roof and wall damage from "ice dams."

Tie-in with Local Hazard Mitigation Planning

Because many means of implementing mitigation astieccur through local activities, this updated MPiMlaces
additional emphasis on the coordination of Statellelanning and initiatives with those taking paat the local
level. This takes two forms:

1. The provision of guidance, encouragement,iacehtives to local governments by the State, to
promote local plan development (including a cdesation of ice and sleet storm conditions), and
2. The consideration of information containedbical hazard mitigation plans when developing &tat

plans and mitigation priorities.

Regarding the first type of State-local planningrciination, the information immediately followingqvides advice
regarding the ice and sleet hazard to offer guiddaadocal planners, officials, and emergency marag It has been
adapted from the February 2003 “Local Hazard Mit@a Planning Workbook” (EMD-PUB 207). For the sad
type of State-local planning coordination, a secfimlows that summarizes ice and sleet storm mfion as it has
been reported in local hazard mitigation plansr d&brief summary of ice/sleet-related informatfoom that section
of this plan, it will here be noted that ice/sleets identified as one of the most significant hdzan local hazard
mitigation plans for the following counties: AlgeBerrien, Cheboygan, Clinton, Delta, Genesee, Grhmderse,
Hillsdale, Jackson, Lake, Lapeer, Lenawee, Margqudtecosta, Schoolcraft, Tuscola. (Note: Most ligptans did not
sufficiently distinguish between ice, sleet, andwstorms, and so this information should be useanaapproximate
indicator of local priorities for this hazard.)
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Snowstorms

A period of rapid accumulation of snow often accompanied by high winds, cold temperatures, and low visibility.

Hazard Description

As a result of being surrounded by the Great Lakkshigan experiences large differences in snovwdadr relatively
short geographic distances. The average annuaffathaccumulation in different areas ranges fradnt@ 200 inches
of snow. The highest accumulations are in theheont and western parts of the Upper Peninsulapme @reas of
Baraga and Houghton Counties receive over 200 smof@now per year. In Lower Michigan, the highasbwfall
accumulations occur near Lake Michigan and in tlghdr elevations of northern Lower Michigan. Ardasthe
northwest portion of the Lower Peninsula averageatr than 120 inches of snow annually. On the dod of
snowfall totals, areas in the east central andneastern portions of the state receive less thand@s of snow per
year. Communities in West Michigan typically reaeb60-100 inches of snow.

Blizzards are the most dramatic and perilous ofatlwstorms, characterized by low temperaturessénotig winds

(35+ miles per hour) bearing enormous amounts @vsnMost of the snow accompanying a blizzard itheform of

fine, powdery particles that are wind-blown in sugkat quantities that, at times, visibility is vedd to only a few
feet. Blizzards have the potential to result iogarty damage and loss of life. Just the costeafring the snow can
be enormous.

Snowstorms can be very dangerous for a communigy avperiod of days or weeks. Heavy snows can dbwh
towns and cities for several days if snow is p&gaisand cannot be cleared in a timely fashiore-gtanning for snow
storage areas will be helpful. Roof failures magw as the weight of the snow and area of snowecdamage to
homes and buildings. Motorists and passengerari® @an be stranded in rural areas and die of erpdgecause of
inadequate preparation for conditions.

Extreme snows are most likely in the Upper Penmsuid the northern sections of Lower Michigan. a&rin the
northwest portion of the Lower Peninsula averageatgr than 120 inches of snow annually. The sowmare
extreme in the Upper Peninsula, as some areasrafjiBand Houghton Counties receive over 200 inocheaow per
year. On the low end of snowfall totals, areathaeast central and southeastern portions ofttite eceive less than
50 inches of snow per year. Communities in Westhigian typically receive 60-100 inches of snowmAp appears
on the next page.

Urban areas can be especially susceptible to ositage problems with snow removal, due to their derify and
limited space for snow clearance and storage. |Rweas may have inaccessible roads for some tiuheften have
residents that are more equipped to independeatiging power outages and temporary isolationorimftion about
snow cover and types, which may be useful eitherafo analysis of the snowstorm hazard, or in aryarsaof
snowmelt-related flood risks, may be foundhtib://www.nohrsc.nws.gov

Hazard Analysis

The snowfall map before the preceding section shtvas the western Upper Peninsula experiences thst m
snowstorms and snowfall in Michigan each year. Western half of the Lower Peninsula also expegertteavy
snowfall and a relatively large number of snowstmri®ne reason for this is the "lake effect," acpss by which cold
winter air moving across Lakes Michigan and Supepioks up moisture from the warmer lake watersulténg in
larger snowfall amounts in the western part ofdtate.
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Michigan Average Annual Snowfall

Source: Michigan Committee for Severe Weather Aweass
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Please refer to the table in the Introduction ®\tileather Hazards section to find a table of resamvfall amounts
at various locations across Michigan, and for acdjgson and comparison of the state’s three gdrieegions,” as
defined in this document. In general, the snowstseeason of the Southern Lower Peninsula runs Mowember to
April each year. (Although snow occasionally dagsdutside of this “season,” such snowfall wouldmmparatively
light, rather than the sort of snowstorm event thdiere being considered as a hazard.) The saowseason in the
Northern Lower Peninsula runs from October to Md@)he snowstorm season for the Upper Peninsulafranslate
September to May. This does not mean that alhe$¢ months necessarily receive significant snbwtath year.
Instead, the “season” denotes the part of eachwkan a significant snowstorm may occur. A sigaifit snowstorm
is here defined as at least several inches of smowmulation in a single event.

104
Natural Hazards — Weather (Severe Winter WeatBgiowstorms)



Snowstorm History for Michigan Counties — arrangedby region — Jan. 1996 to Oct. 2013

(The Lower Peninsula regions are ordered by “titnah south to north, west to east)
Please refer to the Michigan Profile Map sectianafio explanation of regional divisions

COUNTY or Snow Storm Days with Tot. property damage Tot. crop | Injuries | Deaths
area Events Snow Storms damage
Washtenaw 45 45 $225,000

Wayne 38 38 $960,000

.Livingston 47 47 $129,000 3
Oakland 49 49 $400,000 3
Macomb 43 43 $170,000

5 Co Metro 44 avg. 44 avg. Total $1,884,000 6
region

Berrien 83 83 $20,000

Cass 72 71

St. Joseph 42 42

Branch 40 40

Hillsdale 35 35

Lenawee 42 40 $505,000

Monroe 33 33 $45,000

.Van Buren 111 111 $25,000

Kalamazoo 73 73 $25,000

Calhoun 52 52 $2,225,000

Jackson 47 47 $1,200,000

Allegan 130 129 $25,000

Barry 61 61 $25,000

Eaton 45 46 $1,025,000

Ingham 46 46 $1,025,000

.Ottawa 122 122 $250,000

Kent 87 87 $50,000

lonia 46 46 $25,000

Clinton 40 40 $1,025,000

Shiawassee 39 39 $10,000

Genesee 49 49 $1,650,000 1
Lapeer 46 46 $10,000

St. Clair 57 57 $45,000

.Muskegon 102 102

Montcalm 58 57 $30,000

Gratiot 46 45 $25,000

Saginaw 48 48 $25,000

Tuscola 46 46

Sanilac 59 59 $5,00D

.Mecosta 56 55 $40,000

Isabella 49 48 $290,000

Midland 45 44

Bay 46 45 $25,000

Huron 54 54 $1,500,000

34 Co S Lower 59 avg. 59 avg. Total $11,150,000 1
Pen

Continued on next page...
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Part 2 of Snowstorm History for Michigan Counties —arranged by region

.Oceana 100 99

Newaygo 69 69 $25,000

.Mason 99 98

Lake 71 70 $375,000

Osceola 56 55 $510,0Q0

Clare 52 51 $300,000

Gladwin 35 35

Arenac 38 38

.Manistee 72 72 $350,000

Wexford 57 57 $283,000

Missaukee 63 63 $185,000

Roscommon 52 52 $100,000

Ogemaw 45 45 $50,000

losco 42 41

.Benzie 79 79 $600,000 $2,000,000
Grand Traverse 93 93 $612,000$5,000,000
Kalkaska 106 106 $290,000

Crawford 66 66 $255,000

Oscoda 46 46 $100,0Q0

Alcona 39 39 $3,000

.Leelanau 102 102 $653,000513,000,000
Antrim 122 122 $250,000

Otsego 101 100 $337,000

Montmorency 48 48 $165,000

Alpena 55 55 $110,000

.Charlevoix 110 110 $295,0Q0

Emmet 91 91 $204,000

Cheboygan 71 71 $206,000

Presque Isle 55 55 $258,000

29 Co N Lower 70 avg. 70 avg. Total $6,516,000$20,000,000

Pen

Gogebic 167 167 $63,000 1
Iron 66 66 $605,000

Ontonagon 200 200 $16,000 2 1
Houghton 44 43

Keweenaw 160 158

Baraga 118 117 $6,000

.Marquette 154 153 $262,000 1
Dickinson 68 68 $20,000

Menominee 71 71 $7,000

Delta 94 94 $75,000

Schoolcraft 19 19

Alger 192 190 $11,000

.Luce 119 118 $3,500

Mackinac 58 57 $50,000

Chippewa 98 98 $85,000

15 Co Upp. Pen 108 avg. 108 avg. Total $1,203,500 3 2
MICHIGAN 6,261 1,038 $20,798,500%$20,000,000 10 2
TOTAL
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Michigan had historically seen a major regionastatewide snowstorm approximately every 5 yearscalevents are
more frequent. Both may currently be increasingl(are projected to increase) due to climate cheffgets. Total
casualties can be difficult to assess because rdaaths are caused by automobile accidents, hdadkatfrom
overexertion, and other secondary impacts that Imeaglifficult to distinguish as weather-related. eTHCDC data in
the preceding table shows some clear geograplectefin historical snowstorm patterns. One isldke effect—the
table is organized so that “tiers” of counties l&std together, from south to north (and from westast, within each
tier). A dot appears just before the name of tketarnmost county in each tier-group, and thesatisy which are
close to Lake Michigan, can also be seen to hagatgr snowfall events, and these numbers geneatadne from
county to county as one proceeds eastward acrasstes. Within this 18-year historical averageede counties
range from about 7 snowstorm days per year dovankp about 2, but these averages show signs oéasimg over
time, due to increasing precipitation in MichigafHowever, the proportion of this precipitation tfialls in the form
of snow rather than rain or sleet is trickier tedict.) In parts of the Upper Peninsula, theransiwverage of up to 11
snowstorms per year.

By observing winter storm watches and warningsgadte preparation can usually be made to reducarbact of
snowstorms on Michigan communities. Providing e mass care and sheltering of residents leftowitineat or
electricity, and mobilizing sufficient resourcesdiear blocked roads, are the primary challengemdacommunity
officials. Severe snowstorms can affect every ligiah community. Therefore, every community shopllsh and
prepare for severe snowstorm emergencies. Thaniplg and preparedness effort should include taatification of
mass care facilities and necessary resources suchts, blankets, food supplies and generatorsyedlsas snow
clearance and removal equipment and services. [Bneipg for snow storage areas will be helpful.aldition,
communities should develop debris management puvesdto include the identification of multiple dsbstorage,
processing and disposal sites) so that the treeodret storm-related debris can be handled in thst rexpedient,
efficient, and environmentally safe manner possible

Heavy snows can shut down towns and cities formg®f a few days if snow is persistent and carfi®tleared in a
timely fashion. Roof failures may occur as the weignd volume of snow cause damage to homes atdings.
Urban areas are especially susceptible to outagdspeoblems with snow removal, while rural areasy rhave
inaccessible roads for some time but have residbatsare more prepared to handle power outagesesmgorary
isolation. Motorists and passengers in cars castiamded in rural areas and die of exposure beaafusadequate
preparation for conditions.

Impact on the Public

Snowstorms present hazards that are similar tostoems, but occur much more frequently. Transpioriat
impairments tend to be of longer duration and nexjthie clearance of snowy “debris” out of the aneesded for
transportation or other useful functions. The woekjuired to move accumulated snow (which may tdtid
significant heights or be blown back in place bytmi winds) can often overwhelm the capacities athhkndividual
residents as well as public workers and local btglge

Impact on Public Confidence in State Governance

For this hazard, the main issues regarding pulgidfidence in government predominantly involve: {18 ability of

the infrastructure of the impacted area to withdtdne winter storm event and continue to serve mgidents, and (2)
the ability of the government(s) to efficiently ateaway snow and ice from areas that are mostyviteleded for
transportation and other shared public uses (etmads, hospitals). If any shortcomings or faikune one or both of
these functions are too evident to citizens (orsmasdia providers), then the capacity, efficieranyd adequacy of
government(s) may be called into question. In mareas, the State and different forms of local guwents and
agencies will have different types of responsilesit and where problems arise in the coordinatroclarity of these
governments’ actions and responsibilities, disauintan reasonably be expected to be expressediignsi.

Impact on Responders

Responders are asked to be outdoors during wirgeth&r events in which most citizens prefer to sthelter. In
addition to the risks from winds, obscured visionpaired control of vehicles, power failures anddiled roadways,
winter storm events also expose responders toregtyecold temperatures for long periods of timed amay thus
compound the difficulties, risks, and expensessponse. Fatigue can more easily become a prabider extreme
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temperature conditions, either during winter weadteergencies or during extreme summer heat andditymSnow
can impede facility access and make travel andoautdctivities treacherously slippery.

Impact on the Environment

Heavy snowstorms and severe blizzards can causeoemental impacts. Snowstorms can damage tredh, the
weight of heavy snow accumulations bringing downbi, branches, or entire trees. Dried dead trewe neadily
catch fire, contributing to wildfires in other seas if not removed properly. Dead trees can becanbeeeding
ground for beetles or other pests that can harrthyegreen trees in non-winter seasons. Animallteaan occur as a
result of immobility, injury, infections, frost @t hypothermia, etc. Floods often occur when snmits, and can
cause environmental effects (as described in thadfihg section). Erosion from melted snow can gcatfecting
beaches and soils, and harming vegetation.

Snow can function as a significant source of watdlution since it accumulates a variety of contaanits from the
atmosphere and roadways. The removal of snow foamdways can damage the physical and biologicalt@mwment

with contaminants that include salts and salt addif sediments, metals/emissions, asbestos, @etnoproducts,
bacteria, organic chemicals, soil materials anerlit Those materials that accumulate in roadwayeked snow affect
streams, rivers, ground water resources, and lakesing harm to fish species and destruction tbbwdwelling

fish fodder. The contamination of soil and grountiwaan also result in vegetative stress and deedeproductivity.
The contamination in sediments can accumulatearisisues of plants and animals and cause harm.

Climate Change Considerations

The effect of climate change upon Michigan is expgdo cause an increase in the amount of pretgita Even
though the length of Michigan winters has been eksing, the season remains an intense one. Dimenginter
months, the increase in precipitation means thawéall events will tend on average to be more isgen More
snowfall is likely to happen at a time, and thugetthe form of significant snowstorm events (e.@r8nore inches,
higher snowdrifts, cancelled school sessions,.etc.)

Historically Significant Snowstorms of General st in Michigan and Across the United States
Winter 1888 - Northern U. S.

The fabled Winter of 1888 was devastating to mudh® northern United States, with snow, freeziemperatures, and severe winds responsible foreaths of
hundreds of people and thousands of cattle achesBakota Territory, Minnesota, Wisconsin, and Ngelm's Upper Peninsula. As bad as conditions \ivetke
Midwest, however, one single snowstorm will foregbaracterize that brutal winter. The famous Blrdzof 1888 struck the eastern seaboard on March8B88,
dumping 40-50 inches of snow in New York and creat0-40 foot snowdrifts in parts of southern Nemgland. Snowdrifts were reported over the tops of
houses from New York to New England, including sahmee-story houses. One town in New York hadawsinift that measured 52 feet in height. Over 400
people died in the blizzard, including 200 in Newrly City alone. Wind gusts up to 80 miles per haere reported, which contributed greatly to tteertendous
drifting and high number of deaths.

November 7-12, 1913 - Eastern Great Lakes (prisnagke Huron)

Although severe winter storms on the Great Lakescammon in November, the fall storm of November27-1913 is considered the greatest ever to stini&e
Great Lakes. No other Great Lakes storm in moti&tory compares to the November 1913 storm indesfrdeath and destruction. The November 1913nstor
development was similar to the monster storm ttratk Michigan on January 26-27, 1978 (see prevaescription). Like the 1978 storm, the Novemb@t3
storm was also dubbed a “white hurricane” becatises cremendous size and strength. Winds up ton8@s per hour and blizzard-like snow struck Rdutron
on November 8-9, while in Detroit wind gusts of Mles per hour were reported. Port Huron was burigh heavy snow and snow squalls, creating fouivee-
foot drifts that immobilized the city. The heawyosv pummeled many other shoreline communities dis W Lake Huron, sailors reported continuougtdyang
waves at least 35 feet high. The constant bamégeter severely punished various ships and ewedlgtled to their demise. Forty ships were beliet@dave
sunk in that storm, with at least 235 sailors Id3f.the 40 vessels, eight were large lake freightieat went down with all aboard.

More Recent Major Snowstormsin Michigan

January 26-28, 1967 — Mid-Michigan

From January 26-28, 1967 a snowstorm dumped 24&#chsnow in Mid-Michigan, causing Lansing andeothrea communities to virtually come to a statidsti
The storm contributed to 17 deaths across themeditundreds of motorists were stranded in thais ead had to be rescued by the National Guardcaadi law
enforcement. The heavy snowfall caused the ca@la@psoofs on numerous homes and businesses, ahdi®hn public transportation services. Severdilipu
shelters were opened to accommodate those strénydbe snow or without heat or electricity due towded power lines.

January 26, 1977 — Southern Michigan

Beginning on January 26, 1977, a major snowstoroured that affected vast portions of southern hgigh. Winds of blizzard proportions resulted inemdive
drifting of snow, blocking many roads. Many resitfemere isolated in rural residences or strandepuislic shelters. This storm resulted in a Presidé
Emergency Declaration for 15 counties in the sautipart of the state.

January 26-27, 1978 — Statewide

On January 26-27, 1978 a severe snowstorm struekMidwest, and Michigan was at the center of ttmnst Dubbed a “white hurricane” by some
meteorologists, the storm measured 2,000 miledBynd@iles and produced winds with the same streagth small hurricane and tremendous amounts of.sirow
Michigan, up to 34 inches of snow fell in some areand winds of 50-70 miles per hour piled the smuiw huge drifts. At the height of the stormwias
estimated that over 50,000 miles of roadway weoek#d, 104,000 vehicles were abandoned on the highwl 5,000 people were being cared for in mass car
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shelters, and over 390,000 homes were withoutralqgmdwer. In addition, 38 buildings suffered ppelrbr total roof collapse. Two days after therstpover 90%
of the state's road system was still blocked witbwg 8,000 people were still being cared for inltgng, 70,000 vehicles were stranded, and 52,000ckavere
still without electricity. This storm resulted aPresidential Emergency Declaration for the ersiade, to provide assistance with snow clearanderamoval
operations.

December 9-12, 1995 — Sault Ste. Marie (ChippewanGd

On December 9, 1995 a snowstorm moved across therBeninsula and stalled near Sault Ste. Mariedarly 24 hours, dumping a record 28 inches ofvsoo
the city. That eclipsed the city’s previous 24-hswowfall record (15.2 inches, in 1988) by morartione foot. By the time the storm system pasaddezember
12, Sault Ste. Marie had received a total of 6iches of snow. The excessive snowfall presentedat threat to public safety. Most city stree&sevimpassable
to emergency vehicles, and snowdrifts and pileicésd visibility at intersections and buried hueds of fire hydrants. Schools and most businesses closed
due to the difficult conditions.

A Governor's Emergency Declaration was granted eesdinber 13 to provide assistance with snow clearand removal activities. The Michigan National
Guard was activated, along with work crews from Miehigan Department of Transportation and the NMjeh Department of Corrections, to clear and remove
snow. (The Guard alone removed more than 150,00& ¢/ards of snow in five days.) The Michigan Hgnndependence Agency and Michigan Office of
Services to the Aging provided assistance to setitarens and other homebound individuals. Thehigian Department of Environmental Quality waived
regulations to allow the disposal of clean snow ittte St. Mary’s River. Other areas that receiveavig snowfall in this storm event included Munisimigh 53
inches, Ontonagon with 43 inches, and Silver Qity Houghton with 34 inches.

December 20, 1996 — Southwestern Lower Peninsula
On December 20, 1996 heavy snow rapidly becamedakanced and dumped storm totals up to 20 inch#®eisouthwestern Lower Peninsula. Schools were
closed for up to two days in some areas. Some gacpnoads were blocked until road crews couldcgetrol of the situation.

January 10-12, 1997 — Western Lower Peninsula

During a three day period from January 10- 12, 1984y snow was reported in Ottawa and Kent Cofantsill areas of snowfall of at least 12 inchesnare. In
neighboring Allegan County the snow was measure2Baihches on Friday evening and 40 inches by 8ajuafternoon. In the northern portion of the Lower
Peninsula, Grand Traverse County received 12 tindBes. Schools were used as emergency shelterstremded motorists throughout the affected area.
Secondary roads across all of the area were bloftked Friday night into Saturday and interstatesenalso closed for a few hours late Friday intouBky.
Accidents occurred at the rate of 50 to 100 pengoper day from the 10th through the 12th.

March 13-15, 1997 — Upper Peninsula

Beginning on the afternoon of March 13, 1997 antinoing until the morning of March 15, a snowstommoved across the Upper Peninsula, dumping 20-30
inches of heavy snow in many communities. Althotigla Upper Peninsula is accustomed to heavy sniomesighout the winter, this storm produced snowfall
totals that were significant even for that regidm.Marquette, nearly 33 inches of new snow féll.a 24-hour period between March 13-14, Marquetteived 28
inches of snow, breaking the 24-hour snowfall rdceet back in March 1986. The storm also produceecord snow depth of 63 inches at Marquette Gount
Airport, eclipsing the previous record of 59 incliesorded in March 1976. The storm dropped 29enaf snow at Phoenix in Keweenaw County, 25 inelies
Herman in Baraga County, and 21 inches at ShingletAlger County. Numerous other communities asrthe region received between 16 and 20 inches of
new snow.

October 26-27, 1997 — Southern Lower Michigan

An early season snowstorm crossed southern Lowehilyin on October 26, 1997, dumping 2-8 incheseal/f1, wet snow. Because of the significant amotint
foliage still left on the trees, the added weighth@ heavy snow caused many trees and tree braeleeak, resulting in numerous power outageseparts of
property damage from downed trees. At the heighthe storm, over 330,000 electrical customersestiate were left without power — 195,000 in the Gran
Rapids area alone. Total property damage was a&stihat $1.2 million. Because of the widespreadepmutages (some of which lasted 36-72 hours)teske
were established in several communities to carsdaior citizens and others vulnerable to the cdlde storm forced the closure of many schoolstarginesses
throughout the impacted area.

January 2-3, 1999 — Southern Lower Peninsula
In the early morning hours of January 2, 1999 @&sewinter storm moved across the western and sgugiortions of Michigan. The storm grew in ingnand
size, producing record or near-record snowfall #fected much of the southern two-thirds of theveo Peninsula by the late evening hours of Jan8arkligh
winds and frigid temperatures created blizzard @@t that lasted until late in the day on Janulip some areas. Subsequent storms over theseestal days
dumped an additional foot of snow in many areathefstate, resulting in snowfall of historic progpams in several Michigan communities. Combindtse
winter storms produced the worst winter condititmbit Michigan since the statewide blizzard thatwrred in January 1978 (see description above).
The effects of the blizzard on the city of Detnoitre the focus of national media attention. Détmod surrounding communities received nearly et bf snow
during the blizzard. The unusually intense snawfadupled with the frigid temperatures and blowiagd drifting snow, severely hampered snow removal
operations within Detroit. The City’s inability fwow residential streets created public health safdty concerns in many areas due to lack of adoegolice,
fire, and other emergency vehicles. The unploviezbts and sidewalks also forced the Detroit schgsiem to close for several days, idling more th@®,000
students. The heavy snowfall collapsed numeroonsmercial building roofs in Detroit and throughooutheast Michigan. In addition, ice dams on restidé
roofs were a widespread problem, damaging tenkaefsiands of structures. The record snowfall atgsngered mail delivery, affected the ability of desits to
travel to and from work, and negatively impactedibess activity and tourism.
At Detroit Metropolitan Airport, the severe winteonditions forced the cancellation of hundredslighfs over the three-day period from January 2tfanding
thousands of travelers without adequate accomnwdatiNumerous planes landed at the airport, angjtton the runway apron for hours at a time -bleé&o
unload passengers because the snow could notdreciFom the gates fast enough or there simplgwet enough open gates or personnel to handlarie
influx of planes. This situation also drew theeatton of the national media and cast a negatieel®ir over the airline and airport operations. AsRfential
Emergency Declaration was granted for the 31 Mihigounties that received record or near-record/&iip making available Federal snow removal aasis¢
under the Federal Emergency Management AgencyBI&EPublic Assistance Grant Program.
January 12-14, 1999 — Southeastern Lower Peninsula
Large snowfall amounts caused difficulty in findiptaces to store the snow. Roofs collapsed urtdemeight of the snow and especially caused expensi
damage to a shopping center and numerous businessess the metropolitan area. Ice dams caused leaking roofs (estimated in the tens of thouspnds
including damage to rare documents in the Clemigbtsiry of the University of Michigan in Ann ArborEstimated direct property damage amounted to $850
in Wayne County and $350,000 in Oakland Countyqtiuee injuries), but these figures obviously dbinclude the problems from all the ice dams @fso
November 20, 2000 — Southwestern Lower Peninsula
On November 20, 2000 the first snow storm of thesea for the Grand Rapids area produced a recot@dsnowfall of 11.5 inches at the National Weath
Service in Grand Rapids, breaking the old recortiOo# inches. Lake effect snow continued throughrtight and during the morning hours of the 21sti, &ito 2
feet of snow fell across parts of Ottawa Countyegdn County also received 24 inches.
December 11-31, 2000 — Central and Southern LoeemBula
In the early morning hours of December 11, 200@\e1® winter storm moved through the state, infigcits heaviest effects on the southern two-thostighe
Lower Peninsula before moving out of the state fom mhorning of December 12. That storm producedrdeor near-record 24-hour snowfall levels in 31
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counties, paralyzing the entire region. High wirdsl frigid temperatures created blizzard condgtitimat lasted until late in the day on Decembeml8ome
areas. The storm produced great hardships for clyigan communities. Schools across much of st Lower Michigan were closed for several dalys, t
storm forced the cancellation of hundreds of airlilights in and out of Detroit Metro Airport and @ther airports across the region, and many besesewere
forced to close at the height of the Christmas pimgpseason (the most profitable shopping peridth@fyear). Damage in Genesee County was estimaafkt 1
million, as the roof of a manufacturing companylayéed and injured one person. During the stopniou200 cars were stranded on |-75 south of Flift.
Richmond home burned down because firefighter Vehiwere unable to reach it. Around Caro (Tus@santy), 41 automobile accidents took place, inicigd
an 18-car pile-up that required snowmobiles tooaspo. 16.3” of snow had fallen around Caro.

Another series of winter storms the following wekkmped an additional foot or more of snow acrosshesn Lower Michigan, increasing snow depths imyna
counties to two feet or more. The tremendous sthepths caused a host of public health and safetyeros across the region. The snow fell at swsthady rate
in many areas that public works crews worked atimasn capacity — often around the clock — for twoek& just to keep pace. The weight of the accuradlat
snow caused numerous collapsed roofs on homes usideses, and ice dams and water seepage darhagsdrids of structures well into January 2001. In
addition, several house fires erupted when waten fmelting snow and ice seeped into electric neees.

The cumulative effects of the heavy snowfall, highds, and severe cold temperatures that beganeocrrbber 11 caused problems across the regiondaretkt
several weeks. The sheer volume of snow maddfitudt to handle, and the process of clearingut of the way became difficult and expensive, asdhwas
almost no place to put it. Many communities usedrhajority of their annual snow-removal budget trar road salt supply to combat these stormse Wimter
storms of December 2000 produced the worst wirdaditions to hit Michigan since the statewide Hizds that occurred in January 1978 and January. 1899
Flint and Saginaw, the December 2000 snowfall setlistime record for ANY month. In many other aseit set all-time records for the month of Decemb

A Presidential Emergency Declaration was grantedte 39 Michigan counties that received recorahear-record snowfall or incurred significant cuntivia
effects, making available Federal snow removakgmsce under the Federal Emergency Management Rgeif€MA) Public Assistance Grant Program.

January 5, 2001 - Livingston and Oakland Counties
Three persons were injured in Brighton when thegtieof accumulated snow caused an awning-styletmobllapse along the edge of a warehouse ($75,000
damage). Later in the day, a man died in Waterfandnship by falling from his roof while trying &hovel snow from it.

December 23-29, 2001 — Southwestern and Northewet&eninsula

From December 23-29, 2001, Grandville (in Kent Ggureceived 26 inches of snow. Up to 15 inchesrafw fell in Grandville in less than 24 hours anouad
24 to 26 inches of snow fell total in a band fromta@a County southwest to Allegan County. Even niake effect snow redeveloped on the 28th and coeti
through the 29, producing additional snowfall of 8 to as much2asinches across the area. 12 to 18 inches of svasvcommon across the Grand Rapids area.
There was also a narrow strip of around a foonhofsthat fell about 25 miles inland from Ottawa etyu

Storm total snowfalls broke all previous recordsdoowfall in one week in several locations acsmsthwest Michigan. Grandville (Kent County) endgdwith
70.2 inches of snow for the week, which was thetgs reported snowfall total across the area.Ndt@®nal Weather Service Forecast Office in Grasagifs
(Kent County) had a storm total snowfall of 50.6Has for the week. Generally speaking, the heasiestv accumulations for the week occurred alongu8e
131 corridor from Grand Rapids down through Allegzounty, where two to four feet of snow fell. Thées of Petoskey and Charlevoix broke their 2 ardhy
snowfall total records with amounts of 44 and Gthes and 27 and 39 inches, respectively. Traveitgei€d their 2 day snowfall record with 20.5 ireshfrom the
28th through the 29th. Many other areas saw snbtetals of a foot or more during the last weelDaicember.

January 29-30, 2002 — Southern Lower Michigan

Severe winter weather battered much of the LoweirRala for two days during the end of January 2@didging a foot or more of snow, mixed with sleed
ice. Schools were closed, roads were flooded,cwed 152,000 were left without power. Four peopkre killed in weather-related traffic accidentsKiant,
Saginaw, Midland, and St. Joseph Counties. AAAHWjan served more than 2,850 motorists by thedfisgnoon on January 30. Detroit Metropolitan Aitp
cancelled more than 170 departures and 183 ardvado weather conditions.

March 2, 2002 — Lower Michigan Peninsula

On March 2, 2002 a winter storm produced heavy saciwwss most of the Lower Peninsula, producingol®P8tinches of snow. The maximum snowfall reported
was in Ludington (Mason County), where 18 inchesraiw fell. The snow was particularly wet and heand numerous tree limbs and power lines were ddwn
in the area.

February 7 and 12, 2003 — Southwestern Lower Marhig

On February 7, 2003, blizzard conditions cause@-aar accident on 1-94 in Benton Township (Berri@ounty). The accident began when a car slid utider
back of a semi-tractor trailer during whiteout citiotis. Those involved in the crash stated thatttbavy lake-effect snow had reduced visibility aadsed poor
road conditions. When the motorists approached-8Zeand 1-196 interchange, the weather changau fsad to worse, causing zero visibility. Theseditions
caused cars to slow at different rates, and thasmn collision ensued.

Only five days later, on February 12, 2003 an Atbalipper moved through and produced heavy snaasacvestern Lower Michigan. The heaviest snowfall
report was received from Walker (Kent County), veh&4 inches of snow fell. A large swath of anywhfeoen 6 to 10 inches of snow fell across other paft
Ottawa County as well as Kent County. There wese kcalized reports of a foot or more of snow nein the two counties.

January 19-20, 2004 — Northwestern Lower Peninsula

Heavy lake effect snow came in off of Lake Michigancompanied by gusty northwest winds and blowing drifting. The most persistent band of snowesbtt
in from central Leelanau County to western Granav@rse County. Around 20 inches of snow fell negerlochen, with drifts of 5 to 6 feet across M2
Leelanau County.

January 27, 2004 — Central Lower Michigan

On January 27, 2004, six to ten inches of snowfaturred across much of central Lower Michiganp t) 14 inches of snow accumulated northeast ohra
Rapids, in Montcalm County. Visibility was nearaevhen a pileup involving about 50 cars and trussurred on 1-96 near Portland, shutting down Isidles
of the highway. There was only one injury reporéed the highway was reopened about three hows I&olice in the tri-county area had respondechdoe
than 200 accidents during the day.

November 24-25, 2005 — Northern Lower Peninsula

Lake effect snow quickly developed and became s#dyy the afternoon dfhanksgiving Day throughout much of the northerrtipos of the Lower Peninsula.
Near-blizzard conditions developed, with wind gust®25 to 35 mph inland and 50 mph near the coest]ilowering visibilities to near zero at timestal
snowfall amounts of 12 to 18 inches were commothée prime snow belts regions around Gaylord, K&daasnd Mancelona. Holiday travel was impacted
severely by the falling, blowing, and drifting snoMumerous accidents occurred on area highways.

February 3-4, 2007 — Southwest Lower Michigan

The combination of lake-effect snow (and snow alyean the ground) with very strong winds resultedlizzard conditions across western Lower Michigan
February 8. The maximum snowfall total for a twelve houripdrwas eight inches, and the maximum snowfalll titaa 24-hour period was 12 inches. The
highest snowfall total for the entire event wasiriches, in Grandville. The Gerald R. Ford Inteimal Airport in Grand Rapids reported visibility @ under a
quarter-mile from 9:30 a.m. through 8 p.m. on S#ayrFebruary®. Numerous other observation sites across farenestower Michigan also reported blizzard
conditions. Many locations reported sustained winfi20 to 30 mph, with gusts to around 40 mphinduthe late morning and afternoon hours of te Zhe
blizzard conditions resulted in numerous road glesupower outages, and car accidents.
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February 25-26, 2007 — Northern Lower Peninsula

A low pressure system stalled out over the South®esat Lakes region resulting in a fairly exteresperiod of accumulating snowfall and gusty easidwiin
much of Northern Lower Michigan. The axis of heatviesnowfall stretched from Cadillac to Lake Annthwiotal of 12 to 15 inches. Blustery winds prodiice
considerable blowing and drifting snow. Wexford @tuofficials reported that more than 50 vehiclied sff of area roads. Numerous schools were clasethe
26th.

February 6-7, 2008 — Saginaw County

Widespread heavy snowfall of 8 to 12 inches occualng and north of the I-69 corridor in easteritiigan. The heaviest snow total of 16 to 18 ische
occurred in Saginaw County. This snowstorm totabaginaw County was the biggest amount since tlzezdt of 1978. Strong northeast winds off of Sagin
Bay also led to near blizzard conditions. Road srewSaginaw County could not keep up with the snehich fell at a rate of 2-4 inches per hour. Tiwwdhree
foot snow drifts left at least 50 cars strandedv@all amounts tapered off south of I-69, as steéted in, cutting down accumulations quickly, widgss than 3
inches across Wayne County and points to its south.

February 10, 2008 — Southwest Michigan

A blizzard event involved a combination of extrenwdd, frequent wind gusts up to 40 mph, whiteoutditions, heavy snow, and blowing snow. There was
fifty-car pileup on I-196 in Ottawa County, causi@@ persons to receive treatment for minor injuri@nowfall totals were the greatest over Allegad ¥an
Buren Counties. Snow drifts of 3 to 5 feet deepeva®mmon in rural areas. Property damage wanasd at $250,000 in Ottawa County.

December 21-22, 2008 — Western Lower Peninsula

From December 21-22, 2008 six to 12 inches of sfan Kent and Ottawa Counties, accompanied bydagusts up to 45 mph. This resulted in two toghre
foot snow drifts across portions of the area. Injanction with the blizzard to near-blizzard confits, this produced dangerous travel conditiongthEa north,
Wellston ended up with 23 inches of snow in 24 Bpand many Northern Lower Peninsula areas receivaitar amounts. At the height of the storm, saler
stretches of highway were shut down due to multipleicle accidents.

December 3-4, 2009 — Grand Rapids Area

From December 3-4, 2009 over a foot of snow wasrted across portions of Ottawa County, where theés fell in Marne and 14 inches fell in Coopeltsvil
Several inches of slushy snow accumulated on rivads Muskegon to Grand Rapids. The following wefekir to eight more inches of snow, in conjunctioithw
wind gusts to 40 mph, created near-blizzard caoomlitiat times, resulting in very hazardous traveddmns. Numerous accidents were reported, digippery
roads and reduced visibility in the blowing snow.

December 9-11, 2009 — Northern Lower Peninsula

From December 9-11, 2009 heavy snowfall totalskdizdard conditions were common across all of NemthMichigan. The snow transitioned to lake effaayw
that night, and lasted into the 11th in some ofsthew belts. Gaylord had its 2nd largest threestteyfall since 1950, with 21.8 inches. There wasresiderable
amount of wind, with some gusts over 50 mph, caublowing and drifting snow. Almost all school dists were closed on the 9th, and some schoolsd:alff
classes for three consecutive days. Numerous atsidere reported, due to slippery roads and retivisgbility in the blowing snow.

February 9-10, 2010 — Ottawa County

From February 9-10, 2010 six to ten inches of sfalacross Ottawa County. The storm coincided Witishigan's winter “Count Day,” used to determiresé
funding for local public school systems. Many sdrsystems closed due to the snowstorm. Severaifisigmt accidents occurred on the region’s primangries.
1-94 was closed for several hours, due to jackkhifacks. There was also a multiple vehicle pileagd-196.

February 1-2, 2011 — Southern Lower Peninsula

From February 1-2, 2011 a major winter storm oamlithroughout much of Lower Michigan. The stormugtat 10 to 15 inches of snow and blizzard condgion
to much of southern Lower Michigan. Wind gusts xeess of 40 mph combined with heavy snow to produtigeout conditions and snowdrifts of 3 to 5 feet.
Thunder accompanied the snow in some areas witwfalioates exceeding two inches per hour. Manyifmsses, schools (including major universitiesjj an
some government offices were closed the next dagtMhain roads were plowed by the next day but ssideestreets were not cleared for a couple moys.da
November 29-30, 2011 — Central Southern Lower Fesdn

A snowstorm dumped 8 to 10 inches of snow acrodsiptaucounties in central Michigan. The heavy wabw, plus strong winds, caused many trees, liud,
power lines to fall, leaving 30,000 persons withpatver. Numerous traffic accidents occurred, amhs station awning collapsed in Haslett (Inghamr®y)
under the weight of the snow. Property damagesemt$1l million in each of the following countigkckson, Calhoun, Ingham, Eaton, and Clinton. dtof
County, two fallen trees partially blocked Billwostighway in Windsor Township.

March 2-3, 2012 — Northern Lower Peninsula (Lealamenzie, and Grand Traverse Counties)

A high-impact snowstorm brought snowfall totalsttienged from 6 to 14 inches across most of Nontidichigan, with higher amounts in some areas and a
maximum of 20 inches near Lake Ann (Benzie Countfhe snow was very wet and heavy, causing mamg taad power lines to fall. Power outages were
widespread, and the majority of Northern Michigasidents lost power at some point during or after gtorm, sometimes for as long as a week. IniBenz
County, 95% of residents lost power, property degsagtaled $600,000, and crop damages totaled fiamiln Grand Traverse County, $600,000 in prtype
damage was done, along with $5 million in crop dgenaSubstantial damage was done to fruit tregeogly cherry trees. In Leelanau County, $650,00
property damage and $13 million in crop damagenepsrted. Many communities opened shelters, téhaise whose homes had no power or heat.

Winter of early 2014 — Michigan

Although the winter events are still occurring ta time of this writing, and therefore are too rteveummarize, it is clear that the winter has beemnusually
challenging one. Roadway sections across the st left in poor condition by the effects of aieg of thaws and re-freezes during early winteraddition to
below-average temperatures (see the extreme tetapEraection), an above-average amount of snogéa#t many Michigan communities trouble in clearing
roadways and finding places to store the snow. Héavy snows followed a damaging ice storm thatrefny households without power. Hundreds of izaff
accidents took place during icy and blizzard caad&. The next edition of the Michigan Hazard A& will contain a full summary of the season’sm®s.

Programs and I nitiatives

Note: Many of the programs and initiatives deseyte mitigate, prepare for, respond to, and recdnan ice and sleet storms have the dual
purpose of also protecting against snowstorms.a Assult, there is some overlap in the narratiogmms and initiatives descriptions for each
respective hazard. This redundancy allows eachrlasection to stand alone, eliminating the neeckfer to other hazard sections for basic
information.

National Weather Service Doppler Radar
The National Weather Service has completed a nmamternization program designed to improve the guaind
reliability of weather forecasting. The keystorfehis improvement is Doppler Weather Surveillafadar, which
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can more easily detect severe weather eventshiesdtéen life and property — including severe winteather events
such as snowstorms. Most importantly, the leae tand specificity of warnings for severe weatharehianproved
significantly.

National Weather Service Watches, Warnings and gatigs

The National Weather Service issues winter storitthes and winter weather warnings to notify thelipulf severe
winter weather conditions. A winter storm watcHigates that severe winter weather conditions £fregrain, sleet,
or heavy snow) may affect an area, while a winteatlver warning indicates that severe winter weatberditions are
imminent.

Winter storm warnings can be issued for snow altw,they can also take on different varieties.r &mample, a
blizzard warning signifies that blizzard conditioase imminent or occurring. Blizzard conditions anethat the
visibility will frequently be one-quarter mile oegs in falling or blowing snow, with wind speedsabfeast 35 miles
per hour. A wind chill warning is issued when wictills drop below -30 degrees Fahrenheit, withdsiequal to or
greater than 10 miles per hour. Finally, an icerstwarning is issued for a significant accumulatid ice, normally a
coating of at least one-quarter inch.

The National Weather Service also issues a nunftdifferent advisories for winter weather. Theskwigories can be
issued for snow, freezing rain, blowing snow, ariddachill, among other things. Advisories meart ttanditions are
expected to cause significant inconveniences andbaahazardous. However, if caution is exercisled,situation
should not become life threatening.

The State and local government agencies are waradtle Law Enforcement Information Network (LEINNational

Oceanic and Atmospheric Administration (NOAA) weathadio, and the Emergency Managers Weather Irthom

Network (EMWIN). Public warning is provided thrdughe Emergency Alert System (EAS). The Nationalatder
Service stations in Michigan transmit informatioimedtly to radio and television stations, whichtirn pass the
warning on to the public. The National Weathervider also provides detailed warning informationtbe Internet,
through the Interactive Weather Information Netw@WIN).

Winter Hazards Awareness Week

Each fall, the Emergency Management and Homelawcdri®g Division, Department of State Police, in porction
with the Michigan Committee for Severe Weather Aeveass, sponsors Winter Hazards Awareness Weeks Thi
annual public information and education campaigcu$es on winter weather hazard events such as wrowgs
blizzards, extreme cold, and ice and sleet storimformational materials on winter weather hazaadd safety are
disseminated to schools, hospitals, nursing howit®r interested community groups and facilities] ¢he general
public.

Electrical Infrastructure Reliability

One of the major problems associated with any winteather hazard (including snowstorms) is the tufsslectric
power. Although the problem is not quite as cheaniMichigan as it is with ice storms, snowstorfmas’e nonetheless
caused several widespread and severe electricarpoutages. Weather-related damage to electriepéaeilities
and systems is a concern that is being activelyesddd by utility companies across the state. oiddfdison,
Consumers Energy and other major electric utilignmpanies have active, ongoing programs to improgtem
reliability and protect facilities from damage byosv, ice, severe winds, and other hazards. Tylpidhlese programs
focus on trimming trees to prevent encroachmenowarhead lines, strengthening vulnerable systempooents,
protecting equipment from lightning strikes, andgihg new distribution lines underground. The Ntjeim Public
Service Commission (MPSC) monitors power systeraliity to help minimize the scope and durationpafwer
outages.

Urban Forestry/Tree Maintenance Programs

Urban forestry programs can be very effective imimizing snowstorm damage caused by falling treesree
branches. In almost every severe snowstorm, fplties and branches cause power outages andutiig ppadways
with debris. However, a properly designed, managad implemented urban forestry program can hegp kece-
related damage and impact to a minimum. To be rafisttive, an urban forestry program should adstese

112
Natural Hazards — Weather (Severe Winter WeatBgiowstorms)




maintenance in a comprehensive manner, from pitoperselection, to proper placement, to properttigening and
long-term care.

Every power company in Michigan has a tree trimnpnggram, and numerous local communities have ggpe of
tree maintenance program. The electrical utiligettrimming programs are aimed at preventing exutnment of
trees and tree limbs within power line rights-ofywarlypically, professional tree management comgaiaind utility
work crews perform the trimming operations. At theal government level, only a handful of Michiggammunities
have actual urban forestry departments or agenciRather, crews from the public works agency orntpuoad
commission perform the bulk of the tree trimmingrkvo

When proper pruning methods are employed, and whemvork is done on a regular basis with the aimediicing
potential storm-related damage, these programbeajuite effective. Often, however, tree trimmingrk is deferred
when budgets get tight or other work is deemedghdhi priority. When that occurs, the problem usuadanifests
itself in greater storm-related tree debris managdmroblems down the line.

Mitigation Alternatives for Snowstorms

» Increased coverage and use of NOAA Weather Radio.

= Tree trimming and maintenance to prevent limb bagekand safeguard nearby utility lines. (ldeal:
Establishment of a community forestry program wathmain goal of creating and maintaining a disaster-
resistant landscape in public rights-of-way.)

= Buried/protected power and utility lines. (NOTEh#/e appropriate. Burial may cause additional lerob
and costs in case of breakage, due to the incretifiedlty in locating and repairing the problem.)

= Establishing heating centers/shelters for vulnerabpulations.

» Proper building/site design and code enforcemelating to snow loads, roof slope, snow removal and
storage, etc.

= Agricultural activities to reduce impacts on crepsl livestock.

= Pre-arranging for shelters for stranded motoristgélers, and others.

» Using snow fences or "living snow fences" (rowdregs or vegetation) to limit blowing and driftin§ snow
over critical roadway segments.

Tie-in with Local Hazard Mitigation Planning

Because many means of implementing mitigation astieccur through local activities, this updated MPiMlaces
additional emphasis on the coordination of Statell@lanning and initiatives with those taking aat the local
level. This takes two forms:

1. The provision of guidance, encouragement,iacehtives to local governments by the State, to
promote local plan development (including a cdesation of snowstorms), and
2. The consideration of information containedbical hazard mitigation plans when developing&tat

plans and mitigation priorities.

Regarding the first type of State-local planningrination, the information immediately followingqvides advice
regarding the snowstorm hazard to offer guidandedal planners, officials, and emergency managérsias been
adapted from the February 2003 “Local Hazard Mitaa Planning Workbook” (EMD-PUB 207). For the ead
type of State-local planning coordination, a sectiollows that summarizes snowstorm informationitasas been
reported in local hazard mitigation plans. Forigftsummary of snowstorm-related information frtimat section of
this plan, it will here be noted that snowstormseniglentified as one of the most significant hagadrdlocal hazard
mitigation plans for the following counties: Cowdi Reporting Snowstorms as one of their top hazakiiger,
Allegan, Alpena, Antrim, Baraga, Barry, Benzie, B&m, Branch, Calhoun, Cass, Charlevoix, CheboyGémppewa,
Clinton, Delta, Emmet, Genesee, Gogebic, GrandeFsay Gratiot, Hillsdale, Huron, Isabella, Jackdtéalamazoo,
Kalkaska, Kent, Keweenaw, Lake, Lapeer, Leelan@amalwee, Macomb, Manistee, Marquette, Mason, Mensamin

Midland, Missaukee, Monroe, Montmorency, Muskegblewaygo, Oceana, Ogemaw, Oscoda, Otsego, Ottawa,

Roscommon, Saginaw, Schoolcraft, Shiawassee, Taijs¢ah Buren, Wexford. (56 counties).
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